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ABSTRACT 

The subject matter of this training manual is 
prepared for regular navy and naval reserve personnel. Operations of 
gyrocompasses and magnetic and magnesyn compasses are discussed with 
a background of error determination, compass adjustments, and 
degaussing applications. Navigation techniques are analyzed in terms 
of piloting, dead reckoning, determination of celestial lines of 
position, and radar, loran, consol, deoca, and omega systems. To 
train the reader as an assistant to either & navigator or an officer 
of the deck (OOD) of a junior officer of the deck (JOOD) , further 
explanation is made of ship handling, weather maneuvering, and OOD, 
JOOD, and navigator duties. Information on rules of the road, 
publications for navigation use, rating structures, and 
administration of records and reports is also provided. Besides 
illustrations for explanation purposes, an edited reprint of the 
reverse side of the June 1966 pilot chart of the North Atlantic is 
included in the appendix. (CC) 



PREFACE 



This training manual was written for men of the Navy and Naval 
Reserve who are studying for advancement to the rates of Quartermaster 
First and Chief Quartermaster. Combined with the necessary practical 
experience and a thorough study of the related basic Rate Training 
Manuals, the information in this manual will help the reader prepare for 
Navywide advancement examinations. 

Quartermaster 1 & C was prepared for the Bureau of Naval Personnel 
by the Training Publications Division, Naval Personnel Program Support 
Activity, Washington, D. C. Technical assistance was provided by the 
Fleet Training Center, Newport, Rhode Island; the Naval Examining 
Center, Great Lakes, Illinois; and the Naval Oceanographic Office, 
Washington, D. C. 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 



The United States Navy is responsible for maintaining control of the sea. 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control -thai our country's glorious 
future depends; the United States Navy exists to make it so. 



Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respecf 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 



The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in contirvnd dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 



WE SERVE WITH HONOR 



THE FUTURE OF THE NAVY 
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CHAPTER 1 



ADVANCEMENT 



This training manual is designed to help you 
meet the occupational qualifications for advance- 
ment to Quartermaster First Class and Chief 
Quartermaster. Chapters 2 through 10 and the 
appendix of this training course deal with the 
technical subject matter of the Quartermaster 
rating. The present chapter provides intro- 
ductory information that will help you in working 
for advancement in rate. It is strongly recom- 
mended that you study this chapter carefully 
before beginning intensive study of the' chapters 
that follow. 



REWARDS AND RESPONSIBILITIES 

Advancement * in rate brings both increased 
rewards and increased responsibilities. The 
time to start looking ahead and considering the 
rewards and the responsibilities of advancement 
is right now, while you are preparing for ad- 
vancement to QM1 or QMC. 

By this time you probably are well aware of 
many of the advantages of advancement— higher 
pay, greater prestige, more interesting and 
challenging work, and the satisfaction of getting 
ahead in your chosen career. By this time, also, 
you probably have discovered that one of the 
most enduring rewards of advancement is the 
personal satisfaction you find in developing your 
skills and increasing you knowledge. 

The Navy also benefits by your advancement. 
Highly trained personnel are essential to the 
functioning of the Navy. By each advancement 
in rate, you increase your value to the Navy in 
two ways. First, you become more valuable as 
a technical specialist in your own rating. Second, 
you become more valuable as a person who can 
supervise, lead, and train others and thus make 
far-reaching and long-lasting cohtributions to 
the Navy . 



In large measure, the extent of your contri- 
bution to the Navy depends on you willingness and 
ability to accept increasing responsibilities as 
you advance. When you assumed the duties of a 
QM3, you began to accept a certain amount of 
responsibility for the work of others. With each 
advancement in rate, you accept an increasing 
responsibility in military matters and in matters 
relating to the occupational requirements of the 
Quartermaster rating. 

You will find that your responsibilities for 
military leadership are about the same as those 
of petty officers in other ratings, because every 
petty officer is a military person as well as a 
technical specialist. Your responsibilities for 
technical leadership are special to your rating 
and are directly related to the nature of your 
work. Operating and maintaining the ship's 
navigational equipment is a job of vital impor- 
tance, and it's a teamwork job; it requires a 
special kind of leadership ability that can be de- 
veloped only by personnel who have a high degree 
of technical competence and a deep sense of 
personal responsibility. 

Certain practical details that relate to your 
responsibilities for bridge administration, 
supervision, and training are discussed in var- 
ious chapters of this training course. At this 
point, let's consider some of the broader aspects 
of your increasing responsibilities for military 
and technical leadership. 

Your responsibilities will extend upward as 
well as downward. Both officers and enlisted 
personnel will expect you to translate the gen- 
eral orders given by officers into detailed, 
practical, on-the-job language that can be under- 
stood and followed even by relatively inexperi- 
enced personnel. In dealing with your juniors, it 
is up to you to see that they perform their work 
properly. At the same time, you must be able 
to explain to officers any important needs or 
problems of the enlisted men. 
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You will have regular and continuing respon- 
sibilities for training. Even if you are lucky 
enough to have a highly skilled and well-trained 
bridge force, you still will find that training 
is necessary. For example, you will always 
be responsible for training lower rated men 
for advancement in rate. Also, some of your 
best workers may be transferred, and inex- 
perienced or poorly trained personnel may be 
assigned to you, or a particular job may call 
for skills that none of your personnel have. 
These problems and similar ones require you 
to be a training specialist who can conduct for- 
mal and informal training programs to qualify 
personnel for advancement and who can train 
individuals and groups in the effective execution 
of assigned tasks. 

Because of the relationship between the Quar- 
termaster and Signalman ratings, you will have a 
special problem to consider when you are train- 
ing lower rated men for advancement. At the E-4 
level, Quartermasters are required to learn the 
Morse code and the semaphore characters. They 
are further required to transmit and receive 
flashing light at a rate of 6 words per minute, 
and to transmit and receive semaphore at the 
rate of 8 words per minute. 

You will have increasing responsibilities for 
working with others. As you advance to QM1 and 
then to QMC, you will find that many of your 
plans and decisions affect a large number of peo- 
ple, some of whom are not in the bridge force 
and some are not even in the navigation depart- 
ment. It becomes increasingly important, there- 
fore, to understand the duties and responsibili- 
ties of, personnel in other ratings. Every petty 
officer in the Navy is a technical specialist in his 
own field. Learn as much as you can about the 
work of other ratings, and plan your own work so 
that it will fit in with the overall mission of the 
organization. 

As your responsibilities increase, your abil- 
ity to communicate clearly and effectively must 
also increase. Several requirements must be 
met to satisfy this aspect of communications. 

The basic requirement for effective com- 
munications is a knowledge of your own language. 
Use correct language in speaking and in writing. 
Remember that the basic purpose of all com- 
munications is understanding. To lead, super- 
vise, and train others, you mustbeableto speak 
and write in such a way that others can under- 
stand exactly what you mean. 

A second requirement for effective com- 
munications in the Navy is a sound knowledge 



of the Nstvy Way of saying things. Some Navy 
terms have been standardized for the purpose 
of ensuring efficient communications. When 
a situation calls for the use of standard Navy 
terminology, use it. 

Still another requirement for effective com- 
munications is a precision in the use of technical 
terms./ A command of the technical language of 
the Quartermaster rating will enable you to 
receive and convey information accurately and 
to exchange ideas with others. A person who 
does not understand the precise meaning of terms 
used in connection with the work of his own rating 
is at a disadvantage when he tries to read official 
publications relating to his work. He is at a great 
disadvantage also when he takes the written 
examinations for advancement in rate. You 
should always use technical terms correctly, 
but is is particularly important when you are 
dealing with lower rated men. Sloppiness in the 
use of technical terms is likely to be very con- 
fusing to an inexperienced man. 

You will have increased responsibilities for 
keeping up with new developments. Practically 
everything in the Navy— policies, procedures, 
equipment, publications, systems— is subject to 
change and development. As a QM1, and even 
more as a QMC, you must keep yourself informed 
about all changes and new developments that 
might affect you rating or your work. 

Some changes will be called directly to your 
attention (as for example, Notice to Mariners is 
sent direct to all commissioned ships on a dis- 
tribution list); others you will have to look for. 
Try to develop a special king of alertness for new 
information. Keep up to date on all available 
sources of technical information. Above all, 
keep an open mind in regard to methods and pro- 
cedures for obtaining, computing, and/or plotting 
the ship's position. New tables are compiled 
from time to time both to speed up and increase 
the accuracy of solving the astronomical tri- 
angle. Electronic navigational equipment is be- 
ing developed at a phenomenal rate. Oceano- 
graphic and meteorological data collection and 
dissemination methods are being improved; and 
with this improvement, charts and publications 
are more accurate than ever. 

The Quartermaster rating is a general rating. 
The duties of a Quartermaster deal with super- 
vision of personnel, maintenance of all spaces 
assigned to the navigation department, quarter- 
master of the watch, keeping charts up to date, 
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mastery of operational techniques of electronic 
aids to navigation, use of navigational instru- 
ments (such as the sextant, alidades* parallel 
rulers, and dividers)) use of navigation tables, 
^and security of classified material. 

\ You have stood QM watch on many occasions, 
ami the duties of this watch should be familiar 
to you. You must be responsible for main- 
taining a neat, legible, and accurate log of all 
the required evolutions and routines. At every 
opportunity you should scrutinize the entries 
made in this log and point out to the QM of the 
watch any errors, discrepancies, or omissions. 
You should further ensure that all new personnel 
of the navigation department are instructed in 
the proper procedures for keeping the quarter- 
master's notebook, and that they are completely 
familiar with this job before they are assigned 
to stand the watch unassisted. 

You were, promoted to your present grade 
not only because of your superior knowledge 
of the specialities of the quartermaster rating 
but also because you demonstrated your ability 
to handle men. Now that you axe preparing for 
advancement, even greater emphasis will be 
placed on leadership. The performance of men 
throughout the Navy depends largely on the pre- 
cepts and examples of you and other Navy petty 
officers. Your conscientious leadership and dis- 
cipline, reliability, und military etiquette will 
contribute immeasurably toward establishing the 
proper attitudes, promoting morale, and main- 
taining the traditions of the Navy. Your reward, 
in addition to the traditional "Well done" of your 
superiors, will bj the pride and satisfaction you 
receive as your men perform their jobs well. 
You are, in effect, a "guide" because you must 
channel the efforts of your men towardproductive 
labors and worthwhile activities. 



QUARTERMASTER RATING 

J ^Quartermaster is one of the few ratings for 
jWhich billets existln virtually all types of Navy 
'smp4, from the largest to the smallest— both 
surface craft and submarines. The nature of the 
Firot Class or Chief Quartermaster's work de- 
pends mainly on the type of ship to which he is 
assigned. Aboard carriers, cruisers, and other 
deep draft ships, the Quartermaster force is 
likely to be quite large; the senior Quartermaster 
spends much of his time on administrative duties 
and supervision. Aboard medium size ships, the 



senior Quartermaster frequently is the assist- 
ant to the navigator, and most of his time is >$ 
taken up in actual navigation duties. Aboard 
very small ships, the senior Quartermaster 
usually is the navigator's assistant, and may 
have the additional responsibility of supervising 
the ship's signal force. At the first class and 
chief level, Quartermasters may also be as- 
signed to sea duty as petty officer in charge of 
tugboats or other types of yard craft. 

Various shore duty billets are available to 
Quartermasters. They include recruit procure- 
ment, recruit training, instructor, master at 
arms, and perhaps assisting in writing advance- 
ment examinations, correspondence courses, or 
training manuals— such as the one you are now 
reading. 



REQUIREMENTS FOR ADVANCEMENT 

In general, to qualify for advancement, you 
must— 

1. Have a certain amount of time in grade. . 

2. Complete the required military and oc- 
cupational training courses. 

3. Demonstrate the ability to perform all 
the practical requirements for advancement 
by completing the Record of Practical 
factors, NavPers 1414/1 (formerly Nav- 
Pers 760). 

4. Be recommended by your commanding 
officer. 

5. Demonstrate your knowledge by passing 
a written examination based on (a) the mili- 
tary requirements for advancement and 
(b) the occupational qualifications for ad- 
vancement in the Quartermaster rating. 

FINAL MULTIPLE 

Advancement is not automatic. Meeting all 
the requirements makes you eligible for ad- 
vancement but does not guarantee your advance- 
ment. The number of men in each rate and rating 
is controlled on a Navywide basis. Thus, the 
number of men who may be advanced is limited 
by the number of vacancies that exist. When the 
number of men passing the examination exceeds 
the number of vacancies, some system must be 
applied to determine which men may be advanced 
and which ones may not. The "final multiple" 
system is used. It is a combination of three 
types of advancement systems: merit rating 
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system, personnel testing system,, and longevity 
(or seniority) system. 

The Navy's system provides credit for per- 
formance, knowledge, and seniority, and, al- 
though it cannot guarantee that any one person 
will be advanced, it does guarantee that all men 
within a particular rating will have equal ad- 
vancement opportunity, 

The following factors are considered in com- 
puting the final multiple: 

Maximum 



Factor credit 

Examination score 80 

Performance factor 

(performance evaluation) 50 

Length of service (years XI) 20 

Service in pay grade (years X 2\ . . . 20 

Medals and awards 15 

185 



All of the preceding information (except the 
examination score) is submitted to the Naval 
Examining Center with your examination answer 
sheet. After grading, the examination scores, 
for those passing, are added to the other factors 
to arrive at the final multiple, A precedence list, 
which is based on final multiples, is then pre- 
pared for each pay grade within each rating. 
Advancement authorizations are then issued, be- 
ginning at the top of the list, for the number of 
men needed to fill the vacancies. 



KEEPING CURRENT ON ADVANCEMENT 

Remember that the requirements for ad- 
vancement may change from time to time. 
Check with your division officer or with your 
training officer to be sure you have yie most re- 
cent requirements when you are preparing for 
advancement and when you are helping lower 
rated men to prepare for advancement. 

To prepare for advancement, you should be 
familiar with (1) the military requirements and 
the occupational qualifications given in the 
Manual of Qualificatio ns for Advancement in 
Bating, NavPers 18068-B (with changes); (2) Rec- 
ord of Practical -Factors, NavPers 1414/1; 



(3) appropriate Navy Training Courses, and 

(4) any other material that may be required or 
recommended in the current edition of Training 
Publications for Advancement, NavPers 10052° 
These materials are discussed later in this 
chapter. 



SCOPE OF THIS TRAINING COURSE 

Before studying any book, it is a good idea 
to know its purpose and scope. Here are some 
pointers you should know about this training 
course: 

• It is designed to give you information on the 
occupational qualifications for advancement to 
QM1 andQMC. 

• It must be satisfactorily completed before 
you can advance to QM1 or QMC, whether you 
are in the Regular Navy or in the Naval Reserve. 

• It is not designed to give you information on 
the military requirements for advancement to 
POl or CPO. Navy Training Courses that are 
specially prepared to give information on the 
military requirements are discussed in the 
section of this chapter that deals with sources 
of information. 

• It is not designed to give you information 
that is related primarily to the qualifications 
for advancement to QM3 and QM2. Such infor- 
mation is given in Quartermaster 3 & 2, NavPers 
10140. 

• The occupational Quartermaster qualifica- 
tions used as a guide in the preparation of this 
training course are promulgated in change 3 of 
the Quals Manual . Therefore, changes in the 
Quartermaster qualifications occurring after 
change 3 may not be reflected in the information 
given in this training course. Inasmuch as your 
major purpose in studying this training course is 
to meet the qualifications for advancement to 
QM1 or QMC, it is of importance that you ob- 
tain and study a set of the most recent Quarter- 
master qualifications. 

• This training course includes information 
that is related to both the knowledge factors and 
the practical factors of the qualifications for 
advancement to QM1 and QMC. No training 
course, however, can take the place of actual on- 
the-job experience for developing skill in the 
practical factors. The training course can help 
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you understand some of the whys and wherefores, 
but you must combine knowledge with practical 
experience before you can develop the required 
skills. The Record of Practical Factors, Nav- 
Pers 1414/1 should be utilized in con juction with 
this training course whenever possible. 

• This course deals principally with navigation 
and the associated equipment found on the con- 
ventional ships. In general, it does not cover 
navigation of submerged submarines; nor does it 
cover the newer, more sophisticated navigational 
methods that are not yet in widespread use. 

• Chapters 2 through 1 0 and the appendix of this 
training course deal with the occupational subject 
matter of the Quartermaster rating. Before 
studying these chapters, study the table of con- 
tents and note the arrangement of information. 
Information can be organized and presented in 
many different ways. You will find it helpful to 
get an overall view of the organization of this 
training course before you start to study it. 



SOURCES OF INFORMATION 

It is of much importance for you to have an 
extensive knowledge of the references to consult 
for detailed, authoritative, up-to-date informa- 
tion on all subjects related to the military 
requirements and to the occupational qualifica- 
tions of the Quartermaster rating. 

Some of the publications discussed here are 
subject to change or revision from time to 
time— some at regular intervals, others as the 
need arises. When using any publication that is 
subject to change or revision, be sure you have 
the latest edition. When using any publication 
that .is kept current by means of changes, be 
sure you have a copy in which all official 
changes have been entered. 

BUPERS PUBLICATIONS 

The BuPers publications described here in- 
clude some that are absolutely essential for 
anyone seeking advancement; others, although 
not essential, are extremely helpful. 

Quals Manual: The Manual of Qualifications 
for Advancement in Rating. NavPers 18065-B 
(with changes) gives the minimum requirements 
for advancement to each rate within each rating. 
The Quals Manual lists the military require- 



ments applicable to all ratings and the occupa- 
tional qualifications that are specific to each 
rating. 

The Quals Manual is kept current by means 
of numbered changes. These changes are issued 
more frequently than most Rate Training 
Manuals can be revised; therefore, the training 
courses cannot always reflect the latest 
qualifications for advancement. When preparing 
for advancement, you should always check the 
latest changes to be sure that you know the 
current requirements for advancement in your 
rating. 

When studying the qualifications for advance- 
ment, remember these helpful hints: 

1. The quals are the minimum requirements 
for advancement to each rate within each rating. 
If you study more than the required minimum, 
you will naturally have an advantage when you 
take the written examination for advancement 
in rate. 

2. Each qual has a designated pay grade: E-4, 
E-SL E-6, E-7,E-8,orE-9. You are responsible 
for meeting all quals specified for advancement 
to the pay grade to which you are seeking 
advancement, as well as all quals specified for 
lower pay grades. 

3. The written examinations for advancement 
to E-6 and above contain questions relating to the 
practical factors and the knowledge factors of 
both military/leadership requirements and 
occupational qualifications. Personnel prepar- 
ing for advancement to E-4 or E-5 must pass a 
separate military / leadership examination 
before participation in the Navywide occupational 
examination. The military/leadership exami- 
nations for E-4 and E-5 levels are given 
according to a schedule prescribed by the 
commanding officer. Candidates are required 
to pass the applicable military/leadership 
examination only once. • 

A social form known as the Record of Practi- 
cal Factors, NavPers 1414/1, is used to record 
the satisfactory completion of the practical 
factors, both military and occupational, listedin 
the Quals Manual. Either this form or its 
predecessor, NavPers 760, is available for each 
rating. The old form will continue to be used 
until supplies are exhausted. Whenever a person 
demonstrates his ability to perform a practical 
factor, appropriate entries must be made in the 
date and initials columns. As a.QMl or QMC, 
you often will be required to check the practical 
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factor performance of lower rated men and to 
report the results to your supervising officer. 
To facilitate recordkeeping, group records of 
practical factors are often maintained aboard 
ship. Entries from the group records must, 
of course, be transferred to each individual's 
Record of Practical Factors at appropriate 
intervals. 

Because changes are made periodically to the 
Quals Manual , new forms of NavPers 1414/1 
are provided when necessary. Extra space is 
allowed on the Record of Practical Factors for 
entering additional practical factors as they are 
published in changes to the Quals Manual. The 
Record of Practical Factors also provides space 
for recording demonstrated proficiency in skills 
that are within the general scope of the rating 
but are not identified as minimum qualifications 
for advancement. Keep this point in mind when 
you are training and supervising lower rated 
personnel. If a man demonstrates proficiency in 
some skill that is not listed in the Quartermaster 
quals, but it foils within the general scope of the 
rating, report this fact to the supervising officer 
so that an appropriate entry can be made. 

The Record of Practical Factors should be 
kept in each man's service record and should be 
forwarded with the service record to his next 
duty station. Each man should also keep a copy 
of the record for his own use. 

NavPers 10052: Training Publications for 
Advancement, NavPers 10052, is an important 
puDlication for anyone preparing for advance- 
ment in rate. It lists required and recommended 
Navy Training Courses and other reference 
material to be used by personnel working for 
advancement in rate. This publication is revised 
and issued once each year by the Bureau of Naval 
Personnel. Each revised edition is identified by 
a letter after the NavPers number. When using 
this publication, be sure you have the most recent 
edition. 

The required and recommended references 
are listed by rate level in NavPers 10052. It is 
of importance to remember that you are re- - 
sponsible for all references at lower rate levels, 
as well as those listed for the rate to which you 
are seeking advancement. 

Rate Training Manuals that are marked with 
an asterisk (*) in NavPers 10052 are mandatory 
at the indicated rate levels. A mandatory train- 
ing course may be completed by (1) passing the 



appropriate Enlisted Correspondence Course 
based on the mandatory training course, (2) pass- 
ing locally prepared test based on the information 
given in the mandatory training course, or (3) in 
some instances, successfully completing an 
appropriate Navy school. 

It is of importance to notice that all refer- 
ences listed in NavPers 10052, whether manda- 
tory or recommended, may be used as source 
material for the written examinations, at the 
appropriate rate levels. 

Rate Training Manuals:. Rate Training 
Manuals are written for the specific purpose of 
helping personnel prepare for advancement. 
Some courses are general in nature and artT 
intended for use by more than one rating; others 
(such as this one) are specific to the particular 
rating. 

Rate Training Manuals are revised from time 
to time to bring them up to date. The revision 
of a Rate Training Manual is identified by a letter 
after the NavPers number. You can tell whether 
a Navy Training Course is the latest edition by 
checking the NavPers number and the letter after 
it in the most recent edition of the List of Traln - 

iM Manuals and Correspohdence Courses. 

NavPers 10061 (revised). 

Three Training Manuals are specially pre- 
pared to present information on military 
requirements for advancement. These courses 
are— 

Basic Military Requirements, NavPers 
10054. 

Military Requirements for Petty Officer 
3 & 2. NavPers 10056. 

Military Requirements for Petty Officer 
1 & C t NavPers 10057. 

Each of the military requirements courses is 
mandatory at the indicated rate levels. In ad- 
dition to giving information on the military 
requirements, these three books give a good 
deal of useful information on the enlisted rating 
structure; how to prepare for advancement; how 
to supervise, train, and lead other men; and how 
to meet your increasing responsibilities as you 
advance in rate. 

Some of the Rate Training Manuals that may 
be useful to you when you are preparing to meet 
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the occupational qualifications for 4<tdvar«vement 
to QMl or QMC are discussed in the following 
paragraphs; For a complete listing of Rate 
Training Manuals, consult the effective edition 
of List of Training Manuals and Correspondence 
Courses . NavPers 10061. 

Quartermaster 3 & 2, NavPers 10149-D: 
Satisfactory completion of this training course 
is required for advancement to QM2 and QM3. 
If vou me* this requirement by satisfactorily 
complfitiilg^ an earlier edition of Quartermaster 
3 fe 2 r ydu should at least glance through the 
latest revision of the training course. Much of 
the information given in this edition of Quarter- 
master 1 fe C is based on the assumption that you 
are familiar with the contents of Quartermaster 
3 fc 2. 

Rate Training Manuals prepared for other 
ratings are often a useful source of information. 
Reference to these training courses will increase 
your knowledge of the duties and skills of other 
men with whom you will be working. Portions of 
the training courses prepared for Boatswain's 
Mates, Signalmen, Radiomen, and Radarmen are 
likely to be of particular interest to you. 

The special -purpose publication, The Navi- 
gation Compendium , NavPers 10494 and the 
Officer Correspondence Course Marine Naviga- 
tion, Course I, NavPers 10921-4 will prove 
beneficial in learning navigation. Both publica- 
tions concern themselves with the fundamentals 
of surface navigation, including chart projec- 
tions, instruments used by the navigator, 
magnetic compass errors, Mercator and great 
circle sailings, dead reckoning, piloting, and 
electronic navigation. 

Most Rate Training Manuals and officer texts 
are the basis for correspondence courses. Com- 
pletion of a mandatory training course can be 
accomplished by passing the correspondence 
course that is based on the training course. You 
will find it helpful to take other correspondence 
courses as well as those based on mandatory 
training courses. Completionof the correspond- 
ence course on Marine Navigation, for example, 
is strongly recommended for personnel pre- 
paring for advancement to QMC. Taking a 
correspondence course helps you to master the 
information given in the training course or text 
and also gives you a good idea of how much you 
have learned from studying the book. 



Additional BuPers publications that you may 
find useful in connection with your responsibili- 
ties for leadership, supervision, and training 
include the Manual for Navy Instructors, 
NavPers 16103 and the Naval Training Bulletin, 
NavPers 14900 (publisned quarterly). 

NAVSHIPS PUBLICATIONS 

A number of publications issued by the Naval 
Ship Command will be of interest to you. Al- 
though you do not need to know everything that 
is given in the publications mentioned here, you 
should have a general idea of where to find 
information in NavShips publications. 

The NavShips Technical Manual . NavShips 
0901-000-0013 is the basic doctrinal publication 
of the Naval Ship Systems Command. The Manual 
is kept up to date by means of quarterly changes. 
All copies of the Manual should have all changes 
made in them as soon as possible aft? r they are 
received. 

Beginning with the quarterly changes dated 
15 July 1963, the Naval Ship Systems Command 
began -to renumber individual chapters in the 
NavShips Technical Manual according to the 
Navy— Marine Corps Standard Subject Classifi- 
cation System. Under this system, all chapters 
of the Manual will eventually be part of the 
9000-series, which identifies ship design air- 
ship's material subject groups. #£?n aii 
chapters are renumbered to conform totn? 9000 
numbering system, the old chapter numbers will 
be eliminated. In the meantime, you must consult 
the sheets in the front of the first volume of the 
Manual, which cross-reference the new number- 
ing system and the old. Some of the Manual 
chapters remain in their old positions, so the new 
and old numbers have a definite relationship to 
each other. For example, old chapter 51 will in 
time be renumbered 9510, and old chapter 48 will 
be renumbered 9480. Some chapters, however, 
will be moved to new locations, in addition to 
being renumbered; in these instances, there is no 
clear relationship between the old numbers and 
the new; old chapter 6, for example, has been 
moved to a new location and is now numbered 
9004. 

Information on chronometers, deck clocks, 
compasses, and other navigational instruments 
is given in the Manual ., It should be noted that 
chapters of the Manual are referred to throughout 
this training course by either the old chapter 
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number or the new chapter number, depending 
upon which number was in use at the time of 
writing this training course. If you have any 
trouble locating the chapter by the number given 
in this book, check the cross-reference sheets 
in the front of the first volume of NavShips 
Technical Manual. 



.... The manufacturers' technical manuals, 
furnished with most machinery units and 
many types of equipment, are valuable 
sources of information on operation, main- 
tenance, and repair. Usually, the manufacturers' 
technical manuals are assigned NavShips 
numbers. 



CHAPTER 2 



COMPASSES 



You are aware that there are two general types 
of compasses used aboard all commissioned, 
naval vessels. They are the magnetic compass, 
which depends on the earth's magnetic field for 
its directive force; and the gyrocompass, which 
depends on the tendency of a gyroscope to seek 
and align its axis with the earth's axis. 

As leading Quartermaster you will be 
required to determine compass error, make 
adjustments to the magnetic compass, make 
recommendations for corrections to the gyro- 
compass, and prepare deviation tables. This 
chapter will acquaint you with commonly used 
methods and procedures for accomplishing these 
ends. 

MAGNETIC COMPASS 



Most ships carry two or more magnetic 
compasses like the one shown in figure 2-1. 
The principal magnetic compasses are the 
standard compass and the steering compass. 

The standard compass usually is the most 
accurate magnetic compass aboard ship. It 
normally is located on the ship's centerline at 
a point where it will be least affected by un- 
favorable magnetic influences. On combatant 
ships, except aircraft carriers, the usual 
location for the standard compass is at secondary 
conn. On minesweepers and many of the auxil- 
iaries, it frequently is found on the navigating 
bridge or the flying bridge. On many small 
ships, however, it is located in the pilothouse 
and is used as a steering compass, although it 
is in fact the standard compass. The indications 
of fiie standard compass are expressed as per 
standard compass (psc). 

The steering compass is located on the ship 1 s 
centerline— except aboard aircraft carriers- 



just forward of the wheel where it can best be 
seen and used by the helmsman. Normally, it 
is in the ship's pilothouse. The indications of 
the steering compass are per steering compass 
(pstgc). 



COMPASS NOMENCLATURE 

In the Quartermaster 3 & 2 training course 
you learned the major parts of a magnetic 
compass: magnets, compass card, compass 
bowl, fluid, float, expansion bellows, .lubber's 
line, and gimbals. For compass correction, 
you must be familiar with many additional com- 
ponents, the principal one of which is the 
binnacle. 

The compass binnacle shown in figure 2-2 
is designed chiefly for mounting the U.S. Navy 
standard 71/2-inch magnetic compass. This 
binnacle is made of nonmagnetic material and 
stands approximately 3 1/2 feet high. The top of 
the binnacle is fitted to accept the compass 
and its gimbals. The various components of 
the binnacle, which arc identified by letter 
designation in figure 2-2, are as follows: 

A—Trays for fore-and-aft magnets; 
B— Trays for afhwartship magnets; 
C— Binnacle hood; 

D— Magnets for fore-and-aft andathwartship 

trays; 
E— Heeling magnets; 
F— Flinders bar spacers; 
G— Flinders bar; 
H— Dip needle; 
I -E-link; 

J —7-inch spherical quadrantal correctors; 
K— 9-inch spherical quadrantal correctors; 
L —Cylindrical quadrantal correctors; 
M— Compass with azimuth circle. 
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Figure 2-1.-U.S. Navy 7 1/2-inch compass. 
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The purpose of most of the parts listed, as 
well as their actual use and physical placement 
will be discussed later in this chapter. 



LIMITATIONS OF MAGNETIC COMPASS 

The magnetic compass, as you know through 
experience, is a reliable instrument Normally, 
it must be severely damaged or de str o y ed to 
make it completely inoperable. The magnetic 
compass is not a perfect instrument, however^ 
and it does have some drawbacks. Many short - 
comings are discussed in the current ecfition 



of Quartermaster 3 A 2 (NavPers 10149). 
hence they are not mentioned further here. 

One of the limiting factors of a magnetic 
compass not stressed in QM 3 t 2 is Oat 
only the horizontal component of the earth's 
magnetic field exerts a directive force on it 
This force is greatest at the magnetic equator, 
but as the distance from the magnetic equator 
increases, the angle of dtp becomes greater, 
resulting in a decreasing horizontal component 
Within a few hundred miles of the magnetic 
poles, the compass becomes sluggish; over 
the magnetic poles, it loses its directive force 
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Figure 2-2.— Magnetic compass binnacle wifh correctors. 
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altogether. With increased operations in polar 
regions, the inadequacy of the magnetic compass 
becomes a matter of prime importance. Chief 
reliance, then, must be placed upon the gyro- 
compass in higher latitudes. When you approach 
latitudes greater than 70°, however, neither the 
magnetic compass nor the gyrocompass is 
entirely accurate. 
CAUSES OF DEVIATION 

The magnetic properties of your ship cause 
a deviation in the magnetic compass. Ship 
magnetism is of two types: permanent mag- 
netism (magnetism in steel or hard iron that 
acts as a permanent magnet) and induced mag- 
netism (magnetism of soft iron, which is only 
temporary and is changing constantly, depending 
upon ship's beading and latitude). 

Ih discussing deviation in die following 
topics, you may become confused when using 
the terms "north and sooth magnetism." To 
avoid. fid* confusion, and to clarify magnetism 



in die following illustrations, the earth's 
magnetism found in die Northern Hemisphere 
is calied blue magnetism; that in the Southern 
Hemisphere is termed red magnetism. Like- * 
wise, the north-seeking end of a bar magnet 
has red magnetism, and the south- seeking end 
has blue magnetism. 

Permanent Magnetism 

Because die majority of ships are built of 
magnetic material that is . continually under 
the influence of a magnetic field, they acquire 
some permanent magnetism. By way of illus- 
tration, lefs say that die ship in figure 2-3 
was built in the Northern Hemisphere at a 
northeast magnetic beading. No matter how 
die ship is turned, the distribution of permanent 
magnetism is always the same. The amount 
of permanent magnetism, however, may undergo 
rapid changes after but] ding, most notably 
immediately after launching, and during the 
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Figure 2-3.— Ship built on northeast heading. 



first few months of operation. The compass 
error changes as the amount of magnetism 
changes. 

Permanent magnetism has both vertical and 
horizontal components, but the magnetic com* 
pass is designed to respond to horizontal 
forces only. The vertical component of 
permanent magnetism does not cause deviation 
as long as the ship remains on an even keel. 
When the ship rolls or pitches, however, the 
vertical component causes an unsteadiness of 
toe compass. The compass also is affected 
if the ship has a permanent list The compass 
error produced by rolling, pitching, or listing 
is called heeling error. (The correction for 
heeling error to discussed later in this chapter.) 

Deviation doe to uncorrected permanent 
magnetism varies with each change in latitude. 
The horizontal intensity of the earth's magnetic 
field decreases as your ship moves ever farther 
from flie magnetic equator* Consequently, the 
magnetic force acting on the ship changes, 
and toe deviation varies accordingly. 



If your ship is proceeding toward the magnetic 
equator, toe uncorrected deviation owing to 
permanent magnetism decreases. If your ship is 
proceeding toward either of toe magnetic poles, 
the uncorrected deviation caused by permanent 
magnetism increases. In other words, when you 
are traveling near the equator, the magnetic 
compass is most accurate; deviation is greatest 
when you are near the poles, and the magnetic 
compass is least accurate. 

Correcting Deviation Caused by Permanent 
Magnetism: A large single bar magnet could be 
placed near the magnetic compass to neutralize 
the effects of the ship's permanent magnetism. 
This method presents too many practical dif- 
ficulties, however, and is not used. Correction 
must be made separately for both the fore-and- 
aft and atowartship components of permanent 
magnetism. This correction is made by placing 
magnets in the compass binnacle (see fig. 
2-2). The fore-and-aft magnets are inserted 
and adjusted when your ship heads magnetic 
east to west Atowartship magnets are inserted 
and adjusted when your ship heads magnetic 
north or south. Thus, the deviation caused by 
permanent magnetism is reduced by means of 
these permanent magnets, placed either in trays 
under the compass bowl inside the binnacle or 
in magnet holders mounted beside the binnacle 
in shelf-mounted installations. 

To illustrate how the correction might be 
made, look at the ship in figure 2-4. In part 
A of the illustration, the ship is heading magnetic 
north. The permanent magnetism of toe ship 
is indicated by the red and blue poles marked 
with the letter P. Small poles, marked Pb 
and Pc, represent the fore-and-aft and 
athwartsMp components of the permanent 
magnetism. The fore-and-aft component Pb 
has no effect on toe compass. Hence, permanent 
magnets are placed athwartships under toe 
compass bowl to correct toe deviation caused 
by component Pc 

In part B of figure 2-4, the ship is heading 
magnetic east, and you can see that Pc has no 
effect. Permanent magnets then are placed 
fore and aft under the compass bowl to correct 
tte deviation caused by component Pb. 

Induced Magnetism in Vertical Soft Iron 

You already know that the earth's field 
'nduces a certain amount of magnetism in 
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Figure 2-4.— Correcting permanent magnetism. 
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fha Iron and steel of a ship. This magnetism 
induced in the vertical structures of your 
ship (bulkheads, stanchions, etc.) is called 
induced magnetism in vertical soft iron. It 
is so named because the effect is most notable 
in soft iron, although induced magnetism is 
present in both soft and hard iron. At high 
latitudes, the vertical component of the earth's 
magnetic field is greatest; therefore, the 
magnetism induced into vertical soft iron is 
greatest Near the magnetic equator the vertical 
component of the earth's magnetic field is small 
so that there is very little vertical induced 
magnetism. 

You must make a distinction between the 
poles of induced magnetism and the poles of 
the ship's permanent magnetism. The exact 
location or position of the poles of the ship's 
permanent magnetism is different on practically 
every ship, depending largely upon the headings 
on which the ship was built. Tour sister ship 
may be identical to your ship in every respect 
(concerning concentration and amount of iron 
or steel) but, because she was bunt in ways 
of a different heading from your ship, her 
concentration or poles of permanent magnetism 
differ from your ship. The intensity of per- 
manent magnetism does not change with changes 
of latitude. 

In the majority of steel ships the poles of 
magnetism induced in vertical soft iron are 



located on the fore-and-aft centerline of the 
ship, regardless of the heading on which the 
ship was built Induced magnetism on all 
ships varies in intensity with changes of 
latitude. 

For the foregoing reasons, uncorrected 
deviation due to magnetism induced in vertical 
soft iron changes with every change in magnetic 
latitude. The horizontal intensity of the earth' s 
magnetic force increases when proceeding to- 
ward the magnetic equator) thus exerting greater 
force to pull the compass needle into line with 
the meridian. The actual strength of the pole 
of induced magnetism in vertical soft iron 
decreases as your ship proceeds toward the 
magnetic equator; it increases when it travels 
toward one of the magnetic poles. The complete 
absence of a vertical magnetic field at the 
magnetic equator. leaves no induced magnetism 
in the vertical soft iron of the ship. If your 
compass is adjusted At the magnetic equator, 
and the permanent magnetism remains constant, 
any deviation when you are on an east or west 
heading after leaving the magnetic equator 
can be a ttrib ute d to vertical induced magnetism 
alone. 

Correcting Deviation Due to Vertical Soft 
Iron: Adjustment for deviation caused by Induced 
magnetism in vertical soft iron is made by 
placing a metal bar (in which magnetism can be 
induced) near the magnetic compass. This metal 
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rod or corrector is called a Flinders bar. 
(See fig. 2-2.) The Flinders bar, consisting 
of several segments of various lengths, is 
inserted in a holder mounted on the binnacle. 
Wooden or brass fillers, which come in segments 
the same length as the Flinders bar, are inserted 
in the bottom of the holder so that the top of the 
bar is even with the top of the holder. The top 
of the holder for the Flinders bar is exactly 
2 inches above the plane of the compass card. 
Because the pole of vertical induced magnetism 
usually is abaft the compass, the Flinders bar 
normally is mounted on the forward side of 
the compass binnacle. 

Induced Magnetism in Symmetrical, 
Horizontal Soft Iron 

On the majority of ships, both the standard 
and the steering compasses are located on the 
amidships line. Thus, the steel or iron on most 
ships is arranged uniformly and symmetrically 
around the magnetic compass. As a result, the 
compass is surrounded by a symmetrical distri- 
bution df soft iron in which magnetism can be 
induced horizontally. This, induced magnetism 
occurs mainly in the bulkheads and decks of 
your ship. The bulkheads and decks, then, can 
be considered to be horizontal inducedmagnets. 

The horizontal induced magnetism can be 
visualized as two magnets, one running fore 
and aft and the other running athwartships. 
The fore-and-aft magnet has a larger magnetic 
moment than the athwartship magnet, but the 
athwartship magnet has its poles closer to the 
magnetic compass, and therefore has a much 
greater effect on the compass. For simplifi- 
cation, only the. effect of the athwartship magnet 
is considered in this text 

From figure 2-5 you can see that there is 
no deviation when the ship is at a cardinal 
heading. At all other headings there is devi- 
ation. You will notice also that deviation is 
easterly at headings NE and SW. When you are 
heading SE or NW the deviation is westerly. 
Thus, it is seen that the deviation changes direc- 
tion with every 90° change of heading. It is 
caused by induced magnetism in horizontal 
soft iron, and is called quadrantal deviation. 
Uncorrected quadrantal deviation does not 
usually change with a change in latitude. 

Correcting Quadrantal Deviation: Quad- 
rantal deviattoh is corrected by means of two 
hollow spheres or cylinders of soft iron called 



quadrantal correctors. These correctors 
usually are installed one on either side of 
the magnetic compass on the athwartship line 
through the compass. (See fig. 2-2.) The earth's 
magnetic field magnetizes these spheres by 
induction. The induced magnetism of the spheres 
counteracts the induced magnetism of the ship, 
forcing the compass needle to align itself with 
the magnetic meridian. (When quadrantal 
spheres are in use, deviation may change some- 
what with latitude because of induction in the 
spheres.) 

The magnetic force exerted by the spheres 
can be altered by changing their distance from 
the compass or by exchanging the spheres for 
ones of larger or smaller size. These spheres 
are extremely effective in correcting quadrantal 
deviation on all headings. 

Heeling Error 

All adjustments for deviation thus tar were 
made on the assumption that your ship has 
been on an even keel. As noted earlier, when 
your ship heels to one side or the other, the 
metal of the ship changes its relative position 
with respect to the magnetic compass because 
the compass, mounted in gimbals, remains 
horizontal. The main causes of heeling error 
are vertical permanent magnetism, vertical 
induced magnetism, and horizontal induced 
magnetism. 

In view A of figure 2-6, you see the 
magnetism of horizontal soft iron in a ship 
on a north heading. Initially, there is no 
deviation. Then, when the ship heels (fig. 
2-6, view B), the poles are realigned east 
and west, causing deviation. 

Heeling error is maximum on north and 
south headings because, as the ship heels, 
the poles of induced magnetism lie to the 
east and the west of the compass, causing 
deviation. On an east or west heading, however, 
the poles are in line with the compass magnets 
and merely increase or decrease the directive 
force on the compass. Heeling error on these 
east or west headings is caused more by the 
pitch of the ship than by list or roll. 

H your ship has a permanent list, a constant 
deviation occurs, but when your ship rolls, 
this deviation is first in one direction and 
then in the other. This unsteadiness, resulting 
in an unsteady ami oscillating compass, is 
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undesirable and should be corrected by placing 
a heeling magnet beneath the compass. (This 
adjustment is described later.) 

COMPASS ADJUSTMENT 

OC the several basic reasons for adjusting 
the magnetic compass, the most important is 
to make the compass as accurate as possible 
by eliminating as much deviation as practicable. 
A second reason for compass adjustment is to 
mike whatever residual deviation there is as 
nearly constant as feasible Witt changes of 



magnetic latitude. A third objective is to 
improve the directive force of the magnetic 
compass by making it as strong as possible 
under all conditions. Improving the directive 
force improves both the accuracy and reliability 
of the magnetic compass. 

Adjusting the compass to correct for 
deviation usually entails swinging the ship 
through different headBngs. The ship should be 
on an even keel when you prepare to swing her. 
All movable masses of metal near the compass 
must be secured in the positions they normally 
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Figure 2-6.— Heeling error. u * 0 

occupy when at sea. The degaussing coils 
should also be secured. 

All your binnacles should be as near the 
amidships line as possible and should be secured 
solidly. On the standard 7 1/2 -inch compass, 
the compass bowl must be adjusted by the 
screws at the ends of the outer gimbal knife 
edges until it is in the exact center of the 
binnacle. In this position, with the ship heading 
north or south, raising or lowering the heeling 
magnet has no effect on the compass card. 
The compass should be secured in this position 
by setting the screws so as to prevent it from 
sliding back and forth athwartships. 

Exact fore-and-aft position of the lubber's 
line must be verified by sighting with a bearing 
circle or an azimuth circle on straightedges 
erected on the * midships line at some distance 
forward and abaft the compass. Lubber 9 8 lines 
on peloruses should be checked also. They 
are checked either by bearings taken simulta- 
neously on a distant object by compass and 
pelorus, or by computing (from the ship's 
plans) the angle the flagstaff or Jackstaff 
should bear from the lubber's line of the 
pelorus, then verifying the angle by observation. 

The quadrantal spheres and the Flinders 
bar shoidd be tested for residual magnetism. 
To test the quadrantal spheres, place them 
as close to the compass as possible and rotate 
each one separately; Any change in the compass 
reading of 2° or more resulting from this 
rotation indicates residual magnetism in the 
spheres. To test the Flinders bar, pot the ship 
on an east or west heading. Insert the Flinders 
bar in the holder and note the compass reading. 
Now invert the flinders bar in the bolder and 



again note the compass reading. Any difference 
of 2° or more in the two readings indicates 
residual magnetism in the Flinders bar. Resid- 
ual magnetism in either the spheres or bar should 
be removed by annealing, that is, by heating them 
to a dull red and allowing them to cool slowly. 

Preliminary Adjustments 

Several adjustments and corrections can be 
made to the magnetic compass before going 
to sea. They include placing (1) the Flinders 
bar, (2) quadrantal spheres, and (3) the heeling 
magnet. 

Placing Flinders bar: Because the Flinders 
bar is subject to induction from other cor- 
rectors, it has been found best to place the 
Flinders bar in position first Certain infor- 
mation must be available beforehand, however. 
For instance, if you know the deviation at two 
widely separated magnetic latitudes on east 
and west headings, tie amount of Flinders 
bar to use can be determined readily by con- 
sulting the Handbook of Magnetic Compass 
Adjustment and Compensation, h.O. 226, wmch 
describes this procedure. U you do not have 
a record of these readings, then the amount 
of Flinders bar to use can be estimated if 
you know the correct amount other ships of 
the same class are using. Should even this 
information be unavailable, it is best to use 
no Flinders bar until later in the adjustment 
process. 

The sections of Flinders bar used should 
be continuous, that is, with no spacers separating 
sections. The Flinders bar should be placed 
at the top of the holder, with the longest 
section at the top. Spacers should be placed 
at the bottom of the tube. You should record 
the amount of Flinders bar on the space provided 
for such information at the bottom of the front 
side of the form titled Magnetic Compass 
Table (Deviation Table), NavSUps 1104 (Rev. 
10-57). <J3ee fig. 2-7.) 

Placing Quadrantal Spheres: The next step 
in adjusting the compass is to place the quad- 
rantal spheres in their approximate positions. 
B the compass was adjusted previously, the 
deviation table should show the size and 
positions of the spheres. B this information 
was not recorded, or if the compass was 
never adjusted in the past, then the quadrantal 
spheres should be placed in the middle of 
their braces or arms. 
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Placing Heeling Magnet: The correct position 
the heeling magnet can be determined by 

of a (Bp needle or by approximation. S 

your atrip is equipped with a. dip needle, refer 
to H.Q. 226, chapter XV to learn abort its use. 
U yoor ship is not equipped witt a dip needle, 



place the heeling magnet in the bottom of its 
tube, with the north end (marked N and painted 
red) up in north magnetic latitudes, unless 
you know from experience that it should be 
the other direction. Later, when your ship 
is headed north or south and has a steady 
roll, you should observe the oscillations of 
the compass, and raise the heeling magnet 
until the compass steadies. 

. It should be noted that, even when the 
compass is adjusted completely, the heeling 
magnet may have to be readjusted if the compass 
becomes unsteady, especially after large 
changes of magnetic latitude. 

Normally, heeling magnets are not required 
on wooden ships, such as the new minesweepers. 

Final Adjustments 

Now you are ready to swing the ship and 
make the final adjustments. To adjust for 
permanent magnetism, semicircular deviation, 
and quadrantal deviation, the ship must be at 
specific headings. 

Adjusting for Permanent Magnetism: When 
you are cerrwting permanent magnetism, the 
first step (step 1) is to head your ship magnetic 
east or west Note the deviation, then reduce 
this deviation to zero by placing permanent 
magnets in the fore-and-aft trays of the binnacle. 
You can determine by trial and error the correct 
directum in which to place the red and blue 
ends of tte magnets, or ypu can follow the 
general rule that tte red end normally is 
placed in tte direction of tte error. The magnets 
should be used in pairs, f ran tte bottom up. 
When overcorrection occurs, remove the two 
uppermost magnets and raise tte trays until 
tte deviation is zero. 

After you reduce deviation to zero on an east 
or west heading, your ship should be turned 
and beaded north or south for step 2. Deviation 
should be reduced to zero in like manner by 
using permanent magnets in tte attwartship 
trays. 

Adjusting for Semicircular Deviation: The 
next step (step 3) is to change course to tte 
heaxSng opposite tte initial heading (step 1) 
used when adjusting for permanent magnetism. 

outer wonts, n you neaoeu east ouring 
step 1, you should now bead west During 
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step 3, using fore-and-aft magnets, remove 
only half of any deviation found. Record in 
the deviation table (1) the number of magnets 
in the fore-and-aft trays, and (2) whether the 
red ends are forward or aft. 

For the final step (step 4) of this semi- 
circular deviation phase, change course to 
the heading opposite that used in step 2. 
(Depending on the, fading used in step 2, 
you should now be on a north or south heading.) 
The headings used for the four steps must 
be the cardinal points. Repeat the step 3 
procedure, using the atfawartship magnets, and 
record the necessary information in the deviation 
tables. 

Table 2-1 is a worthwhile guide for proper 
placement of magnets when correcting semi- 
circular deviation. 

Adjusting for Quadrantal Deviation: The last 
adjustment is made with the use of the quad- 
rantal spheres. For this adjustment, your 
ship should be headed on one of ttte intercardinal 
magnetic headings. Move the quadrantal spheres 
along their arms, either away from or toward 
the compass, until all deviation is rem oved. 
Remember that fbe spheres must be equidistant 
from the compass. In order to remove all 
deviation, it may also be necessary for you to 
use larger or smaller spheres flan the ones 
mounted. Table 2-1 shows which direction 
to move spheres for any given quadrantal 
deviation. 

The next step is to change course exactly 
90* to either adjacent intercardinal magnetic 
heading, and remove half of the deviation found. 
Record in the deviation table the size of fbe 
quadrantal spheres used and their distance 
from fbe compass. 

Although o» foregoing method is accurate 
for all practical p urpose s, even more accurate 
results usually can be obtained. Bead the ship 
on an four of the interca rd i nal points, dbtainbc 
the average of the deviation of these four points, 
and remove this amount on only one of tbe 
intercardinal heac flnga . 

Fr equency of Compass Adjustment 

Tbe deviation of tbe various compasses 
aboard your sMp should be checked often. 
Results of the** checks should be recorded 
on fee magnetic compass table {fig. 2-1% 



Deviation in excess of tolerance can be as- 
certained readily and the compass adjusted 
as required. Always check the deviation of 
your magnetic compasses carefully and adjust 
them (as necessary) after— 

1. Any structural changes are made in 
your ship, Ue., addition of gun mounts, modi- 
fications to houses or mast, removal of struc- 
tures, etc., or any welding done in the vicinity 
of a compass. 

2. Steaming for long periods on the same 
course, or laying alongside the dock on die 
same heading for long periods of time. 

3. A radical change in magnetic latitude. 

4. Removal or addition of any magnetic 
material near a magnetic compass. 

5. Deperming and flashing treatment 

6. Reaching the magnetic equator. 

7. Removal or addition of any cargo of 
magnetic nature. 

8. A heavy gunnery exercise, or battle 
damage, i.e., bomb, shell, torpedo hits or 
atomic explosions, or being struck by lightning. 

After any of the preceding events, but not 
less frequently than every 12 months, your 
ship should be swung in order to obtain a 
new deviation table. S the deviation obtained 
is excessive, the magnetic compass should 
be readjusted. 

Methods of Finding Deviation 

The most convenient method of determining 
deviation, and the one most commonly used, is 
to check your compass on each 15 heading 
against a properly functioning gyrocompass. 
Beca use your ship must be on a magnetic beading 
when determining deviation, gyro error and local 
variation must be applied to each true beating. 

Now it is necessary only to station personnel 
at eac h magnetic compass and have them 
record the amount of deviation for each compass 
Hwn signal from an observer at the gyrocompass 
or repeater. 

Some other methods of fluffing deviation 
follow. 

!• By comp a ri son with a magnetic compass 
of known deviation: This method is similar 
to comparison with a gyrocompass except that 
it tsuuoecessarytoknowtte local variation. This 
method is used frequently by ships not equipped 
with gyrocompasses. 
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2. By reciprocal bearings: One observer 
is stationed ashore with a spare compass, 
which is placed where it is free from local 
magnetic influences. An observer aboard the 
ship stands by the compass to be checked. 
When the ship is steady on the desired heading, 
a prearranged signal is made, and each observer 
notes the bearing of the other. The reverse 
bearing of the compass ashore, which has no 
deviation, is the magnetic bearing of the ship. 
The difference between this bearing and the 
bearing indicated by the compass on board 
is the amount of deviation on that particular 
heading. This method is not very convenient 
and probably will never be used on your ship 
until all other methods of determining deviation 
are exhausted. 

3. By ranges: This method uses a range 
whose magnetic bearing is known. The ship 
steams on the various headings, and notes 
the bearing of the range on her compasses 
for each heading as she crosses the range. 
The deviation for each compass is the difference 
between the known magnetic bearing of the 
"range and the bearing indicated on the compass. 

4. By azimuths of the sun or other celestial 
body: In this method the magnetic azimuth of 
the body is determined by applying local 
variation to the body's true azimuth. The 
difference between the body's magnetic azimuth 
and its compass azimuth is the deviation for 
that particular heading. 

5. By distant objects: In this method the 
ship must be a considerable distance from 
a conspicuous object, with a clearly defined 
point on which to take bearings. If the ship 
is being swung at anchor, the object should 
be at least 6 miles away. If she* is steaming 
on different headings, the fact that she does 
not remain on the same spot requires that 
the object be at least 10 mites away. The 
ship is steadied on successive headings, and 
the compass bearing of the object is taken 
on each heading. Magnetic beatings may be 
found from a chart As before, deviation on 
each heading is the difference between compass 
and magnetic bearing of the object This method 
has been almost completely discarded in favor 
of the other methods. It is described here 
so that it can be used in extreme circumstances. 

DEVIATION TABLE 

The compass now has been adjusted. As 
much deviation as possible has been removed, 



and all that remains is the unremovable residual 
deviation. This remaining deviation is not the 
same on every heading, therefore the deviation 
that exists on the various headings must be 
recorded so that the correction for compass 
error will be known. To determine and record 
the residual deviation, your ship is headed 
through every 15° of the compass, a process 
called swinging ship. Your ship is steadied 
for several minutes on each 15° heading to 
allow the Gaussin error to dissipate (there 
are 24 of them around the compass). The 
navigator usually is stationed at the standard 
compass, and ship's personnel are stationed 
at the other magnetic compasses. As your 
ship steadies up on one of the 15° increments 
of the compass, and the compasses themselves 
setfle down, the navigator gives the signal to 
record the deviation on that heading. When 
the process of swinging ship is completed and 
the deviation for the 24 headings recorded, 
the deviations are transferred to the deviation 
table. (See fig. 2-70 

The deviation table contains much important 
information that is necessary for future compass 
adjustment as well as for computing compass 
error. (Refer to figs. 2-7 and 2-8.) 

Three copies of the deviation table are 
prepared for each magnetic compass. One 
copy is posted at the compass itself, one is 
maintained in the back cover of the Magnetic 
Compass Record, NavShips 1101, and one is 
forwarded to NavShips. (A forwarding letter 
is not required.) 

Before swinging the ship to record residual 
deviations, the following information should 
already be recorded: 

1. Amount of FlindersHtmr, and whether the 
bar bolder is forward or abaft the binnacle. 

2. Number of fore-and-aft magnets, whether 
their red ends are forward or aft, and the 
distance in inches between the fore-and-aft 
tray and the compass card. 

3. Same as step 2 for the athwartships tray. 

4. Size of the quadrantal spheres and their 
distance from the compass card. 

5. Which end of the heeling magnet is up, 
and its distance from the compass card. 

Check on Deviation Table 

Actual deviation of the compass may change 
enough to render the deviation table inaccurate. 
Frequent comparison with the gyrocompass must 
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Figure 2-8,— Deviation table (bade). 



be made, and a record of actual deviation must 
be kept in the Magnetic Compass Record. This 
record indicates both the accuracy of the 
deviation table and the need for swinging ship 
again to establish a new deviation table. Pro- 
visions of Navy Regulations require that 



comparisons be made after every change of 
course, and at every half-hour thereafter. 
Comparisons may also give warning of any 
erratic performance of the gyro. Frequent 
azimuths of celestial bodies should be taken 
to use as a standard of comparison, 

DEGAUSSING 

Magnetic mines and torpedoes have firing 
mechanisms so constructed that they are ac- 
tuated by a ship's magnetic field. Degaussing 
reduces the strength of this magnetic field. 
Consequently, some measure of protection 
against these weapons is afforded by degaussing. 
Degaussing currents have a strong effect on a 
ship's magnetic compass, however. The 
deviation caused by these currents is usually 
larger than that caused by the ship's residual 
magnetism. This effect on the magnetic ~~ 
compass, if present, must be neutralised by 
the process called compensation. Before dis- 
cussing compensation, let us first discuss 
briefly the principles of degaussing. 

Principles of Degaussing 

Normally, degaussing is accomplished by 
permanently installed cables in the form of 
coils through which electric current is passed, 
thus setting up a magnetic field that tends to 
neutralize the ship's field. Sometimes it also 
is necessary to give the ship a magnetic 
treatment consisting of the application of large 
magnetic fields so as to change the ship's 
magnetism in order that the coils can neutralise 
the ship's magnetic fields more adequately. 
This treatment is known as deperming. 

The type of degaussing system discussed 
here is the one equipped with only the M, 
FI—QI, and FP— QP coils. The principal de- 
gaussing coil used is called the M-coil, or 
main coil. It encircles the ship, inside the 
alrin of the hull, in a horizontal plane approx- 
imately at the waterline. The M-coil com- 
pensates for the ship's vertical permanent and 
induced magnetism. The M-coil current is 
changed with changes in latitude. 

The FI and QI loops of the FI—QI coils 
are located at opposite ends of the ship in 
horizontal planes and are connected in series. 
The FI loop encircles the forward part of the 
ship and is just beneath fee forecastle or 
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uppermost deck. The QI loop encircles the 
afterpart of the ship and is located just be- 
neath the main or uppermost deck. The FI 
and QI loops are connected in series with 
each other, and usually have polarities in 
opposite directions. The FI— QI coils develop 
strong fields below* the bow and stern of the 
ship, to neutralize (approximately) the induced 
longitudinal magnetism at those points. The 
FI— QI coil currents change with changes in 
heading and latitude. 

The FP— QP coil is located the same as the 
FI— QI coil. This coil, however, compensates 
for the ship's permanent magnetization. The 
FP— QP coil currents are changed when it is 
determined that a change occurs in the ship' s 
permanent magnetism. This determination is 
made at a degaussing station. 

Compass Compensation 

The fundamental principle of compass com* 
pensation is to create magnetic fields at the 
compass that are at all times equal in strength 
but opposite the magnetic fields of the degaussing 
system. Creation of such magnetic fields' is 
accomplished by appropriate arrangements of 
electrical coils around the binnacle. (See fig. 
2-9.) v 

In each type of compass coil installation 
around the binnacle is a set of three coils, 
one coil for each component. Each coil in- 
cludes an individual winding for each degaussing 
coil. The coil is so connected that when the 
current in the degaussing coil is changed, the 
compensating coil current changes automatically 
to the correct amount to maintain compensation. 
Information on compensation is contained in the 
Degaussiiife Manual published by Ifaval Ship 
Systems \ Cqmmand. 

Operation of Degaussing System 

Although the engineering department aboard 
ship 'actually controls the current setting of 
each degaussing coil, this setting of the coils 
is done under the direction of the navigator, 
who must -understand the particular installation 
aboard his ship. ,FQr this purpose he is pro- 
vided" With a degaussing folder. The folder 
contain? instructions for operating the ship's 
degaussing system, charts indicating the current 
values for different magnetic latitudes, charts 
giving the current values for different ship 
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Figure 2- 9. —Binnacle with degaussing coils. 



headings, diagrams of the installation, and log 
sheets for keeping a record of the ship's 
degaussing system. As Quartermaster, you 
must use this folder occasionally, therefore j 
you should study it until you understand its 
contents thoroughly. It should not be removed j 
from the ship unless its removal is requested 
by a degaussing officer. 

Control of Degaussing Currents 

Both the amount of degaussing current and 
its polarity must be correct if maximum 
protection to the ship is to be obtained. It 
is as dangerous to use too much current as 
too little. Energizing a degaussing coil with 
the wrong polarity does not reduce the danger 
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to the ship; rather, the danger increases 
greatly. 

The correct degaussing currents to use 
at a given magnetic latitude are established 
by taking measurements of the ship's magnetic 
field at a degaussing station. There, the ship's 
magnetic field is measured as the ship passes 
over a series of magnetic measuring instruments 
installed on the bottom of the ship channel 
and connected electrically to recording instru- 
ments on shore. 

The correct currents to use in all magnetic 
latitudes and for all headings, based on the 
magnetic measurements obtained, are found 
on the degaussing charts provided by the de- 
gaussing stations. Thus, at any given magnetic 
latitude or heading, you can determine, by 
consulting your degaussing charts, the infor- 
mation required by the Electrician's Mates 
to make the proper settings to the degaussing 
coils for that latitude or heading. 

Degaussing Deviation Table 

After compensation, as after adjustment, 
some deviation usually remains. The total 
deviation from all causes must be no more 
than 5 ° . The residual deviation due to degaussing 
alone should not exceed 2° on any heading, 
however. After the ship is adjusted or com- 
pensated, she should be swung first with 
degaussing OFF (as already described), then with 
it ON. Deviations for each condition should be 
recorded. 

Additional information on degaussing is 
available in the NavShips Technical Manual, 
chapter 9810, section in. " 

MAGNESKN COMPASS 

The magnesyn compass (fig. 2-10) was 
designed principally for use by aircraft 
Because of its relatively small size, however, 
it was quickly adapted by the Navy for small 
craft not equipped with gyrocompasses. Pri- 
marily, the magnesyn compass filled the need 
of various landing craft for a small, accurate, 
remote indicating compass. Today, many of the 
new construction ships, as- well as landing 
craft, are equipped with the magnesyn compass 
as the sole magnetic compass located in the 
pilothouse. 



The magnesyn compass is a remote indicat- 
ing magnetic compass; that is, movement of 
the master indicator is transmitted electrically 
to one or two repeaters. For this reason, it 
becomes possible to locate the master in a 
place on the ship where deviation is the least 
In many instances the master indicator is 
mounted on the mast, high above the ship's 
hull and superstructure. To some extent, the 
magnesyn compass can be considered an elec- 
trical compass using electrical coils for partial 
compensation. Actually, however, it is a mag- 
netic compass, using the earth's magnetic 
field as its directive force and also incorporating 
corrective magnets. It is less accurate than 
the magnetic compass, and is much smaller. 
With space in pilothouses becoming more limited, 
the space factor is an important consideration. 

Magnesyn repeaters are similar in appear- 
ance to direction indicators. The compass 
repeater has a parallel' line grid whose function 
is the same as the direction indicator. 

The magnesyn compass is stable enough to 
serve (to some extent) the same purpose as a 
gyrocompass. Its indications can be used as a 
refeioncf In maintaining a constant heading or 
as a substitute reference to show changes of 
direction. Turning errors are reduced, although 
a little Ivig and overswing still remain. Heavy 
rolling of the ship also causes oscillations in 
its readings. 

The magnesyn compass has the same dis- 
advantages as the magnetic compass, but, if 
it is used properly and its limitations are 
realized, it will produce reliable and fairly 
accurate readings. The instruction manual for 
the magnesyn compass gives full details on 
adjustment as well as other pertinent infor- 
mation concerning its use. 



GYROCOMPASS 



As pointed out previously in this chapter, 
many and varied conditions affect the magnetic 
compass, and they must be taken into account 
when ysing the magnetic compass for navigation. 
Normally, only true courses are employed when 
using navigational charts. For the magnetic 
compass, true courses must be converted to 
compass courses. Temporary or accidental 
deviation affects the magnetic compass, creating 
additional factors that must be considered. 
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Figure 2-10.— Magnesyn compass. 



7,161 



The gyrocompass, developed a number of 
years ago, does not possess the inherent dis- 
advantages of the magnetic compass. It is 
used as the primary navigational compass On 
the majority of ships. Because it is unaffected 
by either variation or deviation, the gyrocompass 
was designed to point steadily to the true 
geographic pole instead of the magnetic pole. 

It is unnecessary for you to know all the 
principles of gyrocompass operation. Suffice 
it to say that by making use of gyroscopic 
principles, gravity, and the earth 1 s rotation, the 
gyro 9 s spinning axis is maintained in a horizontal 
plane parallel to the earth* s own axis and thus 
points to true north. You must always bear in 
mind that the gyrocompass is a complex 
electromechanical device and, like any compli- 
cated ■ device, it can malfunction. Even when 



performing properly, it may become subject 
to slight errors. These errors, when of a 
constant value, can easily be determined and 
applied to the readings obtained from the 
gyrocompass. 

ADVANTAGES AND DISADVANTAGES 
OVER MAGNETIC COMPASS 

The gyrocompass possesses the following 
advantages over the magnetic compass: 

1. It is independent of the earth* s magnetic 
field, and is unaffected by magnetism in the 
ship or in the earth. 

2. It can be used when navigating in polar 
regions where the magnetic compass is rel- 
atively useless. 
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3. It always seeks the true meridian instead 
of the magnetic meridian. 

4. It is more convenient and accurate than 
the magnetic compass when used in connection 
with fire control and dead reckoning equipment, 
and with course recording and automatic steering 
devices. 

The gyrocompass possesses the following 
disadvantages: 

1. It requires a continuous and steady flow 
of electrical power. 

2. It requires expert care and attention 
to give accurate results. 

3. Its accuracy decreases when used in 
latitudes above 75° • (This inaccuracy is common 
to both gyrocompasses and magnetic compasses; 
however, the gyrocompasses may still be used, 
whereas magnetic compass accuracy and re- 
liability become marginal.) , 

Regardless of the advantages of the gyro- 
compass, and the knowledge that it will give 
you reliable and satisfactory service if you 
care for it properly, you should not neglect 
your magnetic compass. When and if your 
gyrocompass does become inoperative because 
of power failure, battle damage, or mechanical 
malfunctionings, a properly adjusted magnetic 
compass, with an accurate deviation table, will 
prove its worth many timec over and may save 
you serious difficulties. 

TYPES OF GYROCOMPASSES 

Several types of gyrocompasses may be 
found aboard U.S. Navy ships, two of which 
are the nonpendoulous and the pendulous types, 
manufactured by the Sperry Corporation and 
the Arma Corporation, respectively. Mostsmall 
combatant ships and auxiliary ships have one 
gyrocompass. Large combatants and fleet- 
type submarines have two. 

The compass you have aboard may be one of 
several different marks and models. The most 
common compass for destroyers is the Sperry 
Mk 11 Mod 6 (fig. 2-11). The Arma Mk 8 
(tig. 2-12) is prevalent aboard large combatant 
ships. Newer ships are employing the Sperry 
Mk 10 gyrocompass (fig. 2-13), which is an 
entirely different design. 

GYROCOMPASS ERRORS 

Two types of errors may exist in the gyro- 
compass: those due to acceleration effects on 



the compass, which may be computed and 
allowed for, and those resulting from special 
design characteristics of the compass. 

In general, the principal inaccuracy of the 
first type is the north- steaming error (or 
course and speed error). This error may be 
compensated for in both makes and all models 
and marks of Navy gyrocompasses by setting 
changes in latitude, or latitude and speed, or 
drift Qcnots, northerly or southerly), as indicated 
in the respective gyrocompass technical manual 
in the "Operation" section. Corrections for 
change of course are made automatically. The 
master gyrocompass also applies corrections 
automatically for north-steaming error to all 
repeaters and other remote components. 

Errors of the second type are not computable 
under service conditions, and mustbe eliminated 
or reduced by improvement in design. The 
principal error of this type occurring in com- 
passes now in service is the turning errQr, a 
combination of (1) damping on a turn or at a 
change in speed, and (2) incorrect ballistic 
deflection upon change of northerly components 
of speed. The turning error has been reduced 
in the Sperry Mk 19 gyrocompass. 

The latitude error, occurring in the Sperry 
Mk 14 and Mk 18, but not in other makes and 
types of compasses, is actually of the second 
type in the sense that it is incident to the method 
of damping used in these Sperry gyrocompasses. 
This error is computable, however, and may be 
corrected by the latitude corrector mechanism 
on the master gyro. 

Although you normally will not be expected 
to make corrections to the gyrocompass your- 
self, a Quartermaster should know what correc- 
tions can be made so that you can provide the 
Electrician's Mates with the necessary infor- 
mation. 

GYROCOMPASS EQUIPMENT 

Gyrocompass equipment consists of repeat- 
ers, gyropilot, course recorder, DR equipment, 
speed corrector, and latitude corrector. A 
description of each apparatus follows. 

Repeaters 

Every commissioned naval vessel equipped 
with a master gyrocompass also has one or more 
gyro repeaters (fig. 2-14). These repeaters are 
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Figure 2-11.— Sperry gyrocompass Mk 11 Mod 6. 
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Figure 2-12.— Arma gyrocompass. 



synchronized exactly with the master gyro- 
compass and, consequently! the repeater com- 
pass card always follows the master gyro- 
compass card* Even if there should be a 
failure in the power supply to the repeater 
(or a mechanical failure), the synchro-type 
(self-synchronous) repeater will again align 
itself with the master gyro upon restoration 
of power or repair. For nonsynchro-type re- 
peaters (step-by- step, d-c), if the repeater 
should become misaligned with the master 
gyro, you may readily realign the repeater 
compass by turning the repeater synchronizer 
knob on the side of the repeater bowl (with 



the repeater deenergized), energizing the re- 
peater when it is aligned properly. You must 
have direct communications with the gyro room 
so that you are able to obtain an exact "Mark" 
when the master gyro is on the precise reading 
you wish to set into the repeater. Normally, 
however, all the repeaters are synchronized 
before they are energized. Synchronization is 
part of the normal compass system lighting 
off procedure, thus the difficulties of aligning 
each repeater individually is avoided. 

Repeaters usually are found in the pilot- 
house, bridge wings, secondary conn, after 
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Figure 2-13.— Sperry gyrocompass Mk 19. 



steering, charthouse, and many other spaces, 
depending on the type of ship you may be 
serving aboard. The number of repeaters that 
could conceivably be installed in conjunction 
with one master gyrocompass is, for all 
practical purposes, unlimited. 

Gyropilot 

Many of the large auxiliaries in the Navy 
are equipped with a gyropilot (fig. 2-15). This 
equipment is actually an automatic steering 
device receiving V direct impulses from the 
master gyro. 

With respect to .the earth's surface the 
master gyrocompass establishes a reference 
line so accurate and so stable that even the 
slightest yawing of the ship is indicated simul- 
taneously by a relative movement of the 



repeaters. The function of the gyropilot in 
automatic steering is to pick up this relative 
movement and convert it into corrective appli- 
cations to the rudder. 

The gyropilot is set to the desired course, 
then is locked in position. Thereafter, the 
gyropilot automatically steers the ship and 
applies corrective rudder angles to keep.the 
ship on the desired course within 1/6°, depend- 
ing on the sensitivity setting. 

The gyropilot is also equipped with weather 
adjustments that regulate the amount of rudder 
applied to any departure of course by the ship. 
Thus, even in heavy seas, an extremely accurate 
course can be steered. 

Course Recorder 

On a few ships a course recorder may be 
found. In appearance it is similar to the 
sonic depth finder recorder. It uses special 
chart paper and, with the aid of stylii (pens) 
and gyro input, records exactly the course 
being steered. In everyday use it provides 
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Figure 2-14.— Gyro repeater. 
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Figure 2-15.— Gyropilot 



a ready visual check upon the quality of the 
steering, giving a permanent record of every 
angular movement of the ship's head at the 
time such movement takes place. 

DR Equipment 

The dead reckoning analyzer (DRA), which 
provides an input to the dead reckoning indicator 
(DRI) and the dead reckoning tracer (DRT), 
must receive ship's course from the master 
gyrocompass and ship's speed from the electro- 
magnetic log for proper operation. This DR 
equipment is discussed in detail in chapter 3. 

Speed and Latitude Corrector 

When your ship is at sea, true indications 
for any heading at any latitude are obtained 
by setting the speed and latitude correctors 



to correspond to the ship' s speed and latitude. 
When the ship is alongside a dock or at anchor, 
true indications for all headings and at all 
latitudes are obtained by setting the latitude 
corrector to correspond to the ship's latitude. 
The range of the correctors is from 0° to 
70° latitude. Speeds are from 0 to an excess 
of 30 knots. Thus, correct compass indications 
can be obtained over all navigable waters of the 
world (with the exception of areas lying in 
latitudes higher than 70°) and at all the speeds 
your ship is capable of making. 

When the compass is in operation, the 
corrector should be set for both the approximate 
speed and latitude of the ship. These settings 
need not be changed for small variations in 
speed and latitude, but should be kept within 
3 knots and 3° respectively. 



OPERATING THE GYROCOMPASS 

Detailed instructions for operating the gyro- 
compass are contained in the equipment technical 
manual issued for each type and model of 
gyrocompass. These manuals should be con- 
sulted for complete details regarding the actual 
operation and maintenance of a gyrocompass. 
No adjustments should be attempted without 
first consulting the manual for your gyro. 
Only a few general remarks on this phase of 
gyrocompass work are included here. 

It is preferable to start the gyrocompass 
at least 4 hours before it is required for use. 
This length of time is sufficient for the gyro- 
compass to come up to running temperature 
and align itself with the meridian. If you start 
the gyrocompass close to the meridian, however, 
it will settle down in a considerably shorter 
time. This method of starting is required to 
get underway on short notice. Continually bear 
in mind that, until the gyro settles, all courses 
and bearings taken from the gyro will be in- 
accurate. The magnetic compass should be 
substituted. 

If your stay in port is under 24 hours, 
it is best to leave the gyrocompass energized, 
instead of securing it Whether to secure the 
gyro or not, however, should be left to trie 
descretion of the commanding officer. In this 
manner, any emergency that may arise will 
find you ready in all respects to proceed to 
sea. You won't have to wait for your gyro- 
compass to settle down, nor have to rely only 
on your magnetic compass. 
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FINDING GYRO ERROR 



Gyro error can be determined in any of the 
ways previously described for finding magnetic 
compass error. It can be found also by means 
of a three-arm protractor, in conjunction with 
horizontal sextant angles. 

Right and left angles tor any three well- 
defined objects are taken with a sextant at the 
repeater you are using for checking gyro 
error. Simultaneously, bearings are taken with 
the repeater. From the angles obtained with 
the sextant, the position of the repeater is 
plotted on the chart with a three-arm pro- 
tractor. Comparison of bearings on the chart 



with bearings taken from the repeater will 
reveal any gyro error. Care must be taken 
to check the repeater against the master gyro- 
compass each time a set of observations is 
made. 

Gyro error is computed as either easterly 
or westerly, depending Qn its direction. If 
the 0° point on the gyrocompass card is to 
the~ west of true north, then true north is to 
the east of the 0° point of the compass, and the 
error is said to be west gyro error. If the 
0° point on the gyrocompass card is to the 
east of true north, the opposite situation is 
true, and it is said to be east gyro error. 

When converting from gyro to true, add 
easterly and subtract westerly gyro error. 
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The various methods of determining a ship 9 s 
position and directing her movements from one 
point to another must be understood thoroughly 
by Quartermasters because ship navigation is 
one of their principal concerns. This chapter, 
the first one relating directly to methods of 
navigation, discusses and illustrates two phases 
of navigation: piloting and dead reckoning. 

Piloting is navigation involving the frequent 
or continuous determination of position or a 
line of position relative to geographical points, 
to a high order of accuracy. Dead reckoning, 
on the other hand, is the determination of ap- 
proximate position by advancing a previous posi- 
tion for courses and speeds. 



PILOTING 

In piloting, a position usually is established 
by bearings taken on visible objects on the earth. 
If your ship is being navigated by piloting, she 
ordinarily is in restricted and often dangerous 
waters. You are well aware that on the open 
sea there frequently is ample time to discover 
and correct an error. In pilot waters, however, 
a navigational error may mean a collision or 
grounding. As leading Quartermaster and per- 
haps assistant navigator, you must always keep 
these possibilities in mind, and impress upon 
the men of your division the importance of 
precise and accurate information. 

CHANNEL PILOTING 

During your career you have seen many a 
pilot come aboard your ship to take her into 
port He was a highly competent specialist, 
and knew the hazards of the waters being tra- 
versed. A pilot usually stations himself in the 
optimum conning position so that his observa- 
tions and ship control orders can be given 



with the least effort and confusion. He contin- 
uously determines th6 ship's course and speed, 
and at all times knows her position. The pilot, 
perhaps more than anyone else, realizes that 
channel piloting requires not only an accurate 
appraisal of present conditions, but planning 
for the future as well. This constant awareness 
and concern on his part must be fully understood 
and appreciated by you because, as assistant 
navigator, you must possess this same aware- 
ness and concern. ^ 

O 

When you establish your position and set 
your course for a specific point, you cannot go 
below for coffee and relax with an unconcerned 
mind until you reach your destination. You may 
have erred in determining your original position, 
or current may have a detrimental effect on 
your course, or the helmsman may be off course, 
or any number of circumstances might arise. 
In a matter of minutes the situation may change 
to such an extent that, instead of arriving on 
schedule at a specific point, you may find your- 
self hard aground on a specific rock— not on 
schedule. 

You must constantly be alert, taking advan- 
tage of every opportunity to check and recheck 
your bearings. You must use the most detailed 
and up-to-date chart available, and ensure that 
it is completely corrected. Well in advance of 
entering port, you should avail yourself of the 
information contained in Sailing Directions . 
Coast Pilots, and Fleet Guides . Carefully select 
from them the landmarks and navigational aids 
you will be able to use most effectively. You 
also should choose alternate aids in the event 
that your primary choices prove unreliable or 
impossible to identify. On order from the OOD, 
the special sea detail should be set, and anchors 
should be made ready for letting go before enter- 
ing port. The fathometer should be energized 
and kept in readiness for immediate use. Also, 
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the chains should be manned any time you may- 
be entering pilot waters. 

When possible, you should use ranges for 
steering. You should marie on your^ chart the 
courses to be steered and the distances between 
points. Danger bearings for hazardous spots 
and shoal areas should be established, and these 
danger bearing lines plotted when no range is 
available for steering. Danger circles should 
be plotted, and regular courses should be 
planned. Never attempt to run haphazardly on 
the indications of the danger angle alone, hoping 
to avoid trouble by random steering at critical 
points. 

Even when entering port through channels 
that are considered safe, your ship's exact 
position must never be in doubt, but must be 
plotted accurately and continually on your chart 
Otherwise, if a sudden squall or fog sets in, 
your ship could be in serious danger of ground- 
ing. Through experience, you have learned that 
it always is best to steer planned courses and 
to change courses only at predetermined spe- 
cific points. Such a practice facilitates piloting 
successively from buoy to buoy in limited visi- 
bility. If your ship fails to make a buoy on 
schedule, only one safe alternative remains: 
Stop, then anchor or proceed with caution. 

Course changes usually are made in exact 
amounts. That is, orders to the helmsman are 
stated in the amount of change or the new 
course to be steered, instead of merely order- 
ing the wheel' put over. In the latter instance, 
the order to steady may be forgotten or, still 
worse, your ship may be swinging and this 
condition may not be realized until too late to 
take corrective action. Even if corrective action 
is taken in time, a great deal of wild steering 
probably will result before she can be steadied 
again, and in pilot waters there usually isn't 
that kind of room for maneuvering. To avoid 
such a predicament if the new course is not 
given (or during large changes of course), the 
helmsman should call out the ship's heading; 
for example, "Passing 130, passing 135," and 
the like. 

When piloting in waters where coral reefs 
or banks are numerous, it is helpful to select - 
a time when the sun is astern. Normally, your 
ship is conned from aloft or from an elevated ' 
position forward. The line between deep water 
and the edges of coral shoals usually shows up 



in green patches, and it is readily seen from 
a height On the other hand, green patches may 
indicate only the presence of vegetation, and 
there may be little or no difference between 
depths in the dark and light colored water. 

When piloting, as stated previously, the spe- 
cial sea detail is set, and ordinarily a complete 
piloting team is stationed. Aids to navigation 
are used whenever and wherever possible. 
Several navigational methods may be utilized 
by your ship to fix her position. These methods, 
which may be used either separately or col- 
lectively, are as follows: 

1. Bearings: visual, radar, sonar. 

2. Ranges: visual, radar, sonar. 

3. Depth of water: fathometer, lead line. 

COAST PILOTING 

the preceding;; information is useful in both 
coast piloting and channel piloting. Several addi- 
tional techniques, applicable chiefly to coast 
piloting, are mentioned here. One of the better 
methods, from a navigational point of view, is 
to steam along a well-defined and well-surveyed 
coast instead of steaming out to sea. This plan 
enables youtokeep visible landmarks continually 
in sight to determine your ship's position ac- 
curately and maintain a continuous check of 
that position. Moreover, such a procedure pre- 
sents a more accurate and detailed radar picture 
to assist you in transit 

By steaming too far offshore you may lose 
sight of prominent landmarks or other aids to 
navigation. Consequently, you must make a land- 
fall from a doubtful position, and such a task 
can give you some anxious moments. Addition- 
ally, your radar picture is not as detailed when 
steaming too far offshore. If, you encounter 
fog, squalls, or any inclement weather where 
visibility is reduced, you may have serious dif- 
ficulty making a predetermined landfall. If, 
however, you encounter conditions of restricted 
visibility while steaming along the coast, you 
know your position, and you also know the speed 
you are making good. Thus, you areHn an ideal 
spot to navigate by dead reckoning. (This method 
of navigation is discussed later in this chapter.) 
This mode does not, of course, preclude the 
use of the other navigational aids available to 
you. In this connection, radar and the fathometer 
will prove their worth as navigational aids. 
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If your charts are known to be accurate, 
and you should encounter heavy weather, it is 
advisable to skirt the coast as closely as safety 
permits, thus gaining the advantage of quieter 
waters usually found along the coast. This same 
procedure ordinarily will avoid strong adverse 
currents running offshore. Naturally, your track 
along the coast should be planned for normal 
weather conditions, but provision should be made 
well in advance for any possible variations. If 
you make frequent runs over the same route, 
you should note and retain the courses and dis- 
tances laid down on your charts, as well as the 
effects of current or tides. Record the data in 
a notebook for immediate reference. 

All ranges along the coast are plotted when- 
ever they maybe useful for determining position, 
for purposes of safety, of for checking compass 
deviation and gyro error. 

Course changes quite often occur when a 
preselected point along the coast comes abeam. 
(Position for a new departure is determined 
most easily at this instant) If your ship is not 
equipped with gyro repeaters, you should ensure 
that your pelorus (dumb compass) is set to the 
ship's true heading and is ready for taking 
bearings at all times. The navigational chart 
should be readily available for reference by 
all pertinent bridge personnel. A sextant also 
should be set to the danger angle and be ready 
for immediate use. You should see that a re- 
corder keeps a complete record of all bearings 
on specific pointsvjthe time they are taken, and 
the distance when* they come abeam, and that 
he records all the data in the bearing book. 

Although coastwise piloting becomes a matter 
of routine— not requiring the constant presence 
of the captain or navigator— you nevertheless 
must bear in mind continually, and impress upon 
your men, the consequences of any laxity on 
their part. The wrecks marked on your chart 
attest to the consequences of errors. Ground- 
ings occur all too frequently, but they usually 
are avoidable. A well-trained and conscientious 
Quartermaster gang ordinarily can detect any 
impending danger. It is your duty, as leading 
Quartermaster, to see that your men are trained 
to detect these dangers. 

TAKING BEARINGS 

The gyro repeater normally is used to take 
bearings on the stationary visible objects that 



help to fix the position of your ship when pilot- 
ing. These bearings also may be taken by utiliz- 
ing the magnetic compass or a dumb compass. 
The gyro repeater is considered the best method 
and is the one used most commonly. As you 
know, all bearings taken with the gyro repeater 
may be plotted directly on your chart without 
conversion except for gyro or repeater error. 

Ships not equipped with a gyrocompass (dis- 
trict and small craft) normally take beariugs 
with a pelorus. If the dumb compass card in 
the pelorus is set to the ship's heading, bear- 
ings obtained are the same as they would be 
by magnetic compass, provided that the ship 
is exactly on course. 

You should instruct your men to take bear- 
ings only when your ship is on an even keel, 
not yawing, and when the bubble in the spirit 
level on the azimuth or bearing circle is cen- 
tered. Only by constant practice can your men 
develop the ability to take exact bearings in a 
seaway. 

Bearings by Gyro Repeater 

The master gyro usually is situated below- 
decks in the IC room, and consequently is un- 
available for taking bearings. Located on both 
wings of the bridge, however, are gyro re- 
peaters, which are synchronized with the master 
gyro. When the master gyro and the repeaters 
function properly, all bearings taken on the gyro 
repeaters are true bearings. Hence, there is 
no necessity for applying the ship's heading or 
converting compass bearings to true bearings. 

If, for any reason, a gyro repeater should 
become inoperative, it can be disengaged from 
the master gyro and used as a dumb compass. 

Bearings by Pelorus 

When your ship is not equipped with a gyro 
(as already mentioned), the dumb compass card 
in the pelorus is set to the ship* s heading, and 
the bearing by pelorus is the same as it would 
be by magnetic compass, provided the ship is 
exactly on course. This ideal situation seldom 
exists at the instant the bearing is taken, hence 
the bearing obtained by pelorus must be cor- 
rected by the number of degrees the sMp was 
off course. It follows, then, that the ship's 
actual heading at the instant of taking a bearing 
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must be known. The common method of taking 
bearings by pelorus is described in Quarter- 
master 3 fe 2, NavPers 10149, and is not 
discussed here. 

Bearings by Magnetic Compass 

When your m&guetic compass is so situated 
that your vision is unobstructed, it may be used 
to take bearings. But, because the magnetic 
compass is mounted on the centerlintf of the 
ship and usually is surronded by superstruc- 
ture, your arc of visibility is rather narrow. 

When using the magnetic compass, make sure 
that your men take bearings directly from the 
compass and that they note the time. Compass 
bearing is then converted to true bearing and 
plotted. Your men should determine compass 
error before taking the bearing, so that no 
time is lost in converting from compass bearing 
to true bearing. Ordinarily the helmsman is 
so close to the course that deviation is not 
affected. During heavy weather, for instance, 
if the ship at the time of bearing is radically 
off course, it may become necessary for your 
men to work another correction problem, using 
a different deviation from that expected. To 
determine correct deviation, they should in- 
struct the helmsman to note the ship's heading 
when they sing out "Mark!" as they take their 
bearing. As leading Quartermaster, you should 
hold frequent drills in this procedure. Then, 
you will ensure that your Quartermaster gang 



is thorougtdy familiar with the procedures and ... 
mechanics of taking bearings with the magnetic 
compass. 

PLOTTING BEARINGS 

Be'^re proceeding to the various methods of 
fixing a ship's position in piloting, f ame dis- 
cussion of plotting bearings on a chart is 
necessary. As Quartermaster First, perhaps 
you already have acted as assistant navigator 
and are aware of ttie procedures in plotting. 
For you, this topic is a review; but, for others, 
this is the first time you have actively and 
continually plotted own ship's position. 

Bearings are always plotted as true. If 
you don' t have a gyrocompass, all bearings 
must be converted to true before they are 
plotted. It is the outer ring on the compass 
rose of your chart that registers true bearings. 
Only that ring is used in plotting. 

Assume that you are steaming along the 
coast and you visually sight lighthouse X off 
your starboard bow. You take a bearing on 
the lighthouse through an alidade, using the 
starboard wing repeater. In the Standard 
Bearing Book (S. P. 87), record the bearing 
and time, as well as the identity of the light, 
before you plot the bearing on your chart If 
you are using a drafting machine (fig. 3-1), 
make sure it is aligned accurately with the 
parallels and meridians of your chart Rotate 
the protractor arm to the bearing obtained 
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Figure 3-1.— Drafting machine. 
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from the alidade. Lay the straightedge of the 
protractor arm across the symbol for the 
lighthouse on your chart Along the straight- 
edge, draw a short line extending across your 
course line in the vicinity of your assumed 
position. This line is not a fix, but a line of 
position along which your ship lies. If you are 
using parallel rulers in lieu of a drafting 
machine, align the parallel rulers on the compass 
rose of your chart to the bearing obtained 
from the alidade. Then walk the rulers across 
the chart until the edge of one passes through 
lighthouse X, and draw a line intersecting your 
course line. Below the line, label your line 
of position with the bearing; above the line, 
indicate the time the bearing was taken. 

As stated previously, you still do not know 
the position of your ship. You know only that 
you are somewhere along the plotted line of 
position at the time of the bearing. If you were 
able to take a bearing of another object at the 
same time you obtained a bearing of lighthouse 
X, or if you were able to obtain a radar range 
of the lighthouse simultaneously with your 
bearing, then the intersection of the two lines 
of position, or the intersection of the line of 
position and the radar range, would give you 
a fix. This fix establishes the exact location 
of your ship. These and other methods of fixing 
position are described later in this chapter. 

The method of plotting a bearing by means 
of parallel rulers is shown in figure 3-2. At 
0915 your ship obtains a magnetic compass 
bearing of 288 on lighthouse C. Variation is 
15° E; deviation is 3 W. The algebraic sum 
of variation and deviation is 12° E. You are 
correcting, so you add easterly compass error. 
Add 12° to 288° and you obtain a true bearing 
of 300°. 

To go through the procedure of plotting the 
bearing shown in figure 3-2, place the parallel 
rulers with their upper edge passing through 
the center of the compass rose and the 300° 
mark on the outer ring (AB). Walk the rulers 
across the chart and draw your line along the 
straightedge. Marie above the line the time of 
the bearing (0915); and below the line, the 
number of degrees of the bearing (300°). At 
0015 your ship was somewhere on this line of 
position (LOP). The line EF is the ship' s course. 
If your ship has made good her course and 
speed and has not made any leeway, point X 



112.12 

Figure 3-2.— Plotting bearings. 



(where the line of position intersects thrcourse 
line) is your actual position. Making good the 
exact course and speed is considered an ideal 
condition, but it rarely happens in practice. 
Accordingly, this intersection at point X cannot 
be considered an accurate fix. 

FIXING POSITION IN PILOTING 

Proper labeling of all points and lines 
made on charts or plotting sheets is essential 
in order to avoid confusion. Immediately after 
drawing a line or plotting a point, label it 
The label for any fix should be at that fix 
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instead of along a line leading to it. For 
instance, above the course line put a C, 
followed by the three figures indicating your 
true course in degrees. Below the line {dace 
an S and your ship 9 s speed in knots. 

You know that a single line of bearing gives 
you an LOP, and somewhere along that LOP 
is your ship's position. You also know that 
you cannot fix your ship's location accurately 
by a single line of position. To obtain an 
accurate fix, you must plot two or more inter- 
secting LOPs or radar ranges. Needless to 
say, the greater the number of lines of position 
or ranges intersecting at the same point, the 
greater the confidence in the fix. 

An additional LOP for establishing a fixmay 
be obtained by several methods. As leading 
Quartermaster, you must know all the methods, 
and you should ensure that your men also know 
them. If you should take & bearing at the 
same time your ship crosses a range, the 
point where the bearing crosses the true bearing 
of the range is a fix. You must observe that 
the forward and after range marks are lined 
up when the bearing is taken. Another way of 
obtaining a fix is by using a range (distance) 
to the same object on which you took a bearing. 
This range may be obtained by using radar, 
rangefinder, or stadimeter. If the stadimefer 
is used, the height of the object must be known. 

The range to the object on which you obtained 
a bearing is a radius of a circle swung as an 
arc. This arc is your second line of position; 
your bearing is the first LOP. Thus, the 
point where the arc intersects your bearing is 
a fix. \ % 

METHODS OF FIXING POSITION 

Four, general methods ordinarily are em- 
ployed to fix your position in piloting. These 
methods are described in detail in the next 
four subtopics. 

cross Bearings 

•*-...'■' * ■ . 

In figure 3-3, points A and B represent the 
two well-defined objects on which bearings 
may be taken. Using a bearing circle or an 
alidade, take bearings on each object, one as 
quickly as possible after the other. If two 
alidades are manned, bearings on two objects 
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Figure 3-3.— Cross bearings. 



should be taken simultaneously. If you are 
using a dummy pelorus, make sure your men 
convert the bearings to true before they are 
plotted. Plot these two bearings as AD and 
BC. Their point of intersection, X, is a fix 
and thus is your ship's position. 

A more accurate fix may be obtained by 
taking a third bearing on another well-defined 
object, E, and plotting bearing EF. As shown 
in figure 3-3, the three lines of position fre- 
quently form a small triangle instead of a 
pinpoint fix. Your ship's position is then con- 
sidered to be in the center of the triangle. 

Depending on height of tide, draft of ship, 
and contour of bottom, you may further verify 
the reliability of your fix by taking a sounding 
at the instant of bearing. If you obtain the 
same depth of water as shown at point X on 
your chart (after taking the ship's draft into 
account), in all probability you have an accurate 
fix. 

The most reliable fixes are obtained from 
cross bearings that differ by approximately 
90° (120° if three bearings are used). Two 
bearings differing by 30° or less, or by more 
than 150° are undesirable in obtaining a fix, 
because they are too nearly parallel to result 
in an accurate fix. They should be used, however, 
if they are the only bearings available. 
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Bearing and Distance 

We learned earlier that a bearing and a 
range on the same object will give you a 
fix. With radar or an accurate range finder, 
you can determine the distance to the object 
on which you originally obtained a line of 
position. The intersection of this range swung 
as an arc with the original line of position gives 
you a fix. Figure 3-4 shows a fix using a 
bearing and distance of a single known object 
Line AB represents the bearing of lighthouse 
A. Arc CD represents the range to the light- 
house. Point X on the chart is your actual 
position or fix. When using this method to 
obtain a fix, remember to obtain your bearing 
and range simultaneously. 

Obtaining radar ranges and bearings on a 
small, well-defined object whose width is 
appreciable (such as a small island), as well as 
finding range by using the stadimeter, are 
covered in sufficient detail in Quartermaster 
3 & 2. NavPers 10149, and are not elaborated 
on here. 
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Figure 3-4.— Bearing and distance of 
a single known object. 



Two Bearings Separated by an Interval 

Another procedure for locating your position 
in piloting is by two bearings separated by an 
interval. This method, known commonly as bow 



and beam bearings, or doubling the angle on the 
bow, is considered routine in piloting. In using 
this method, your ship must be held on the same 
course and at a constant speed between bearings. 
Otherwise, the results of your computations will 
be inaccurate. Figure 3-5 illustrates the basic 
„ principles included in the bow and beam method. 
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Figure 3-5.— Two bearings separated 
by an interval. 



You are on course 000°. As your ship passes 
point Y, you pick up a bridge bearing 315°. 
The distance you run to bring the' bridge to 
270° is the same as your distance from the 
bridge when it comes abeam. From figure 3 -5, 
line BY is the same length as AB. The bow 
and beam method of piloting has been proven 
mathematically, hence the explanation is un- 
important It is at importance, though, that 
the method works and is of valuable assistance 
when piloting. 

Sometimes it may be advisable to know in 
advance how far you are going to pass an object 



37 



QUARTERMASTER 1 & C 



abeam before you actually are abeam of the 
object You can determine this distance by 
extending your DR track based on the course 
made good, or by applying a variation of the 
bow and beam method. The distance run on 
the same course between the time an object 
bears 26-1/2° relative and the time when it 
bears 45° relative is equal to the distance 
at which the ship will pass the object abeam. 
In figure 3-5, assume you are at point X and 
on course 000 °. At that time you observe the 
bridge at 26-1/2° off the port bow. Measure- 
ments on figure 3-5 will show that when your 
ship reaches point Y, line XY is equal to AB. 

TABLE 7, BOWDITCH. -It isn't alwayscon- 
venient or possible to obtain bearings at exactly 
26-1/2° or 45°. Also there may be times 
when you need to know what your distance 
off the object will be when abeam, without 
having to steam all the distance necessary 
to double the angle. For this reason, table 7 
in Bowditch has been computed to give you 
all this necessary information. Regardless of 
when you take your first bearing, if there 
is * an appreciable angle between it and the 
second bearing, and if you know how far you 
have traveled, you can determine from table 7 
both the distance of the object at the time of 
the second bearing and the distance you will 
pass when abeam. 

The distance run between bearings can be 
computed by using your known speed in knots 
multiplied by the time run. Your nautical 
slide rule is of valuable assistance in finding 
distance when speed and time are known. Once 
you compute the distance run, consult table 
7 for the multipliers needed to find the required 
distances. 

In figure 3-6, church A bears 26° on the bow 
at the firstbearing and 48° at the second bearing. 
The angle between the first and second bearings 
has not been doubled. You compufceKhat you 
have run 5 nautical miles betweerfroroarings, 
and you wish to know (1) the-distfnce your ship 
will pass the church when abeam, and (2) the 
distance to the church at the time of the second 
bearing. The multiplier to be used for the 
first query is found from table 7 to be 0.87; 
for the second, 1.17. Multiplying 5 by 0.87, 
you find that your ship will pass abeam 4.35 
miles off. The distance from the church at the 
time of the second bearing is computed by 
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Figure 3-6.— Graphic fix from two bearings. 



multiplying 5 by 1.17, which gives an answer 
of 5.58 miles. 

A running fix may be obtained also from two 
lines of bearing on the same object After 
plotting your two lines of bearings, compute 
the distance run between the time of the two 
bearings. Set your dividers to the distance, 
using the proper latitude scale to measure 
the distance. Then set your mechanical pro- 
tractor or parallel rulers to the course you 
are steering, and move toward or away from 
the object on which you took your bearings 
until the distance of the dividers fits exactly 
between the lines of bearing. There is only 
one position where it will fit at the angle of 
the course, and the points where it intersects 
the lines of bearing are running fixes, one at 
the time of the first bearing and one at the 
time of the second bearing. The accuracy of 
this method depends entirely on your ship making 
a constant true course and speed. Because the 4 
speed and course made good of your ship are, 
in themselves, dependent upon set and drift of 
current, wind, condition of the ship 1 s bottom, 
trim, and the like, you know that this method 
is not considered completely accurate. 

Sextant Angles Between Three Known Objects 

The method of piloting by establishing sex- 
taut angles between three known objects is 



38 



Chapter 3- PILOTING— DEAD RECKONING 



quite simple. Three objects are chosen, and 
the horizontal angles between the object in the 
middle and that on either side of it are taken 
by the sextant. Position is then plotted by 
using a three-arm protractor. Angles must 
be taken as nearly simultaneously as possible, 
preferably by two people on a predetermined 
signal. 

Make sure that neither the three objects 
chosen nor your ship's position lie on the arc 
of a circle. No fix is possible in such an 
example, which is known as a "revolver" or 
"swinger." 

Piloting by this method gives the most 
accurate fix of any of the techniques described. 
Compass error, error in determining distance 
run, and error due to erroneous estimation 
of leeway are all eliminated. Other details of 
this method of determining position are given 
in Quartermaster 3 & 2. 

DANGER BEARING 

In the past when you stood wheel watches, 
or if you stand them now under special details, 
you know that the order "Nothing to the left" 
means that you should not allow your ship 
to swing to the left of the course. Usually, 
the reason is because of danger of some kind 
to port, which would make a set in that direction 
disastrous. A danger bearing may be plotted to 
ensure safe passage in such situations. 

In figure 3-7 you see a shoal that presents a 
hazard to navigation, a prominent landmark at 
point A, and a ship proceeding along the coast- 
line on course BC. To construct a danger 
bearing, line AX is drawn from point A tangent 
to the outer edge of the danger. If the bearing 
of point A remains greater than the danger 
bearing, the ship is in safe water, as with YA 
and ZA. The reverse is true when the danger 
is to port; the danger angle must remain greater 
than the angle to point A. 

Wind or current could, conceivably, set the 
ship toward the shoal. Even before a fix could 
be taken, however, this situation would be in- 
dicated by repeated bearings of point A. 

DANGER ANGLE 

To avoid rocks, shoals, or some other 
obstruction, you may have to plot a danger 
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Figure 3-7.— Danger bearing. 



angle. In figure 3-8, ABC represents the 
coastline along which a vessel is steaming on 
course DE. Two dangerous areas are indicated 
by Mj and Mg. In order to pass outside My 

take as a radius the center of Mj and the 

distance from the center it is desired to avoid, 
and draw a circle. Then draw a circle so that 
it passes through points A and C and the sea- 
ward side of the circle around My Such a 

circle is formed by drawing a line between 
points A and C, drawing a perpendicular bi- 
sector of line AC, then (by trial and error) 
determining the center of the circle that will 
pass through points A, C, and the seaward side 
of the circle drawn about danger Mj (which will 

be point F). After you establish the position of 
point F, measure angel AFC. You can avoid 
danger Mj if the angle formed by your ship and 

points A and C does not become greater than 
AFC. 

Danger Mg is handled much the same asM^. 

You can avoid M 2 so long as your angle becomes 

no smaller than angle AGC. 

To avoid both dangers, you must maintain a 
position so that the angle formed by sextant 
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readings on A and C is less than angle AFC but 
greater than angle AGO. 

LEADERSHIP RESPONSIBILITY 

It is not the intent of this chapter merely 
to describe the importance of reliable navi- 
gation nor the methods of navigation employed 
in piloting. Rather, it is the purpose of the 
text to impress upon you the ease with which 
safe navigation may be accomplished under 
ideal conditions. In connection with safe 
navigation, your responsibilities as leading 
Quartermaster never permit laxity of any sort 
to appear in the procedures utilized by your 
men in what erroneously is considered routine 
navigation. 

Piloting is routine only insofar as it con- 
cerns piloting methods. It must never be 
considered routine in the attitudes of your 
men. Piloting demands a keen appreciation of 



all the limitations of the equipment, as well 
as a knowledge of the inherent dangers result- 
ing from being lulled into a false sense of 
security. You must impart your awareness to 
your men. When they possess it, safe navi- 
gation will, in fact, become a reality. Thus, 
a routine situation becomes routine only in 
respect to built-in dangers and the steps taken 
to avoid them. 

DEAD RECKONING 

Dead reckoning, to repeat, is the method of 
establishing your ship's approximate position 
by running a course line from your last well- 
determined position, using only courses being 
steered, and computing the distance run by 
using engine speed. A DR position is plotted 
on the course line drawn from you last well- 
determined position (point of departure or 
fix). A dead reckoning position will be as far 
along the course line as you find you have 
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traveled In other words, it is the place 
where you would be if you had made no leeway 
whatever and if you had steamed exactly at 
engine speed. Unfortunately, this ideal is 
seldom true, because your ship is affected 
by many of the elements found at sea* 

It is practically an impossiblity for your 
ship to steam continually along a set track, 
at a predetermined speed, endlessly hour after 
hour, day after day, without making adjust- * 
ments to the speed and to the course being 
steered 

Figure 3-9 illustrates a dead reckoning 
situation wherein a ship desires to arrive at 




Figure 3-9.— Plotting DR position. 



a rendezvous point at a specific time. The 
maneuvering, shown graphically, is described 
as follows: 

The USS Concord, engaged in maneuvers, 
fixes her position at 0400 in latitude 45°50'N 
and longitude 178°09 f W. This position is her 
point of departure on course 312°, speed 15 knots. 

At 0800, course is changed to 328° and 
speed is reduced to 12 knots. 

At 1300, course is changed to 009°. 

At 1500, speed is increased to 18 knots. 

At 1700, course is changed to 040° and 
speed is increased to 20 knots. 

At 1745, speed is reduced to 10 knots. 

At 1915, course is changed to 194° and 
speed is increased to 12i4 knots, in order 
to arrive at 0800 the following morning at 
a rendezvous in latitude 46°10 f N and longitude 
179°46'E. 

PLOTTING SHEETS 

In all probability you will do all of your 
dead reckoning on the chart itself or on a 
plotting sheet If you haven't seen plotting 
sheets before, or don't recall seeing any, you 
will learn about them from the following 
description. 

A plotting sheet is no more than a chart, 
with everything removed except the latitudes, 
compass roses, and lines on which the longitude 
may be indicated. The graphic method, by 
which you plot directly on your chart, is less 
likely to contain mathematical errors than 
a computed solution, and certainly requires 
much less time. It enables you readily to 
visualize your work and your ship's position 
in relation to dangers and aids to navigation. 

The navigator' s notebook is used to record 
time and other data connected with course, 
speed, bearings, soundings, and the like. Time 
of getting underway, anchoring, the ship's draft, 
and any data needed for solving problems of 
celestial navigation are recorded also. 

ADVANTAGES OF DEAD RECKONING 

Dead reckoning cannot, of course, locate 
your position as accurately as can the meth- 
ods employed in piloting, celestial navigation, 
or electronic navigation. Nevertheless, it 
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remains a valuable aid to the navigator, the 
*OOD, and to you as assistant navigator. Dead 
reckoning affords a means of plotting your 
ship's position at any time between accurate 
fixes, and also gives you the approximate 
position of your ship at the time you are 
obtaining an accurate fix— a necessity in 
celestial navigation* Excluding electronic sys- 
tems and aids, it is the only method for plotting 
your approximate position during periods when 
weather conditions are unsuitable for visual 
observations. 

DR TRACK LINE 

The course line laid out from a fix is 
a line generated by the constantly moving 
DR position, called the DR track line. Until 
another fix is obtained, the DR trade line 
continues as a graphic history of the course 
that was steered and the speed that was used. 
Meanwhile, winds, currents, steering errors, 
etc., combine to set your ship to one side 
or the other of the course, and to vary the 
actual distance traveled. You readily can 
understand, therefore, that it frequently is 
necessary to fix your ship's position, commenc- 
ing a new DR track from each new fix. 

When no fix can be obtained, you should 
continue your DR track for an entire watch 
or until you get a new fix, then start a new 
DR track. You may be unable to obtain a 
fix for as long as 12 hours or more. If you 
cannot, the DR track is continued for the 
entire period. Necessity for continuing the 
track is especially true when you are steaming 
in restricted waters, where dangers exist near 
your ship 1 s track. Even in unrestricted waters, 
one of your shipmates may go overboard, or 
_ some other casualty may occur, necessitating 
that you plot your ship's approximate position 
instantly. If your DR track is not up to date, 
you may have to plot your DR track from 
your last known position. You may also have 
made course or speed changes in the interim, 
making it necessary to consult logs to obtain 
the information to continue ■ your DR track, 
which exhausts valuable and perhaps unavail- 
able time, 

DEAD RECKONING EQUIPMENT 



The majority of the Navy's combatant ships, 
as well as some of the larger service vessels, 



are equipped with a device commonly called 
the dead reckoning tracer (DRT). The DRT 
provides a graphical record of the ship's 
position with respect to a fixed starting point 
Three components of the dead reckoning equip- 
ment supply extremely valuable information:, 
the analyzer, indicator, and tracer. 

The analyzer (fig. 3-10) gives you the 
north-south and east-west components of your 
ship's travel. Counters tell you exactly how 
far you have run in each of the three components. 
Another counter gives you the total distance 
traveled from the time you commenced your 
DR track with dead reckoning equipment The 
indicator (fig. 3-11) affords a continuous in- 
dication of your position in longitude and latitude. 
The tracer (fig. 3-12) furnishes a graphical 
record of the distance and direction traveled 
by your ship. 

The indicator and tracer are mounted in a 
single unit, known as the DRT navigational 
plotting table (fig. 3-13). The analyzer is 
mounted separately, usually on a bulkhead 
nearby. 

When preparing to use the DRT, you must 
notify the IC Electrician on watch. He then 
will cut in both gyro and electromagnetic log 
inputs (course and speed). If you are in shallow 
water, or for any reason cannot use the 
electromagnetic long, the engineroom will adjust 
speed settings by using the dummy log. After 
you receive both course and speed inputs to 
the analyzer, you will have to set on the indicator 
the initial longitude and latitude at departure. 
When this step is accomplished, you are 
. ready to use the tracer for navigating. The 
actual scale settings available for your .use 
are presented in Quartermaster 3 & 2. NavPers 
10149. As you know, the illuminated DRT, 
with compass rose attached (normally referred 
to as the bug), can be positioned anywhere 
under the glass top of the navigational plotting 
table. 

The DRT moves across the plotting table 
in a manner that approximates the motion of 
your ship's DR position across the chart. 
Either tracing paper or a chart is placed over 
the glass top, and the compass rose of the 
bug shows through. Thus the bug moves along, 
giving your ship's position in relation to the 
coast or channel. If used in unrestricted waters, 
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Figure 3-10.-DR analyzer. 
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you can plot continuously on the center of the 
bug. As it moves, the bug gives you a com- 
plete DR presentation of your ship* s movements. 

The compass rose of the bug itself contains 
range rings that may be used if the scale of 
the bug corresponds to the scale of your chart 
or the scale settings you selected. In the major- 
ity of instances, however, even when these range 
rings are accurate, the distance is too great 



for their practical use. For this reason, a draft- 
ing machine is of assistance both for ranges and 
for extending the bearings of the compass rose. 
The bug's movement represents your DR course, 
consequently all bearings plotted by ihe compass 
rose attachment are true bearings. 

If your ship's DRT is located in CIC, and thus 
is not readily available for your use (because 
the DRT and the indicator are used exclusively 
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by the Radarmen, whereas the analyzer usually 
is placed in the charthouse), your responsibility 
becomes twofold. First, you and the leading 
Radar man should make arrangements to ensure 
that your position at point of departure (in lati- 
tude and longitude), and any subsequent fixes, 
are provided to the Radarmen on watch to be set 
into the DR indicator. Second, the Radarmen on 
watch should, by the same token and upon request, 
furnish you the recorded DR latitude and longi- 
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hide for your position reports whenever you are 
unable to obtain an accurate position, and in any 
event at 0800, 1200, and 2000. This position 
should be checked by plotting it on a navigation- 
al chart before submitting it on a position report. 

ESTIMATED POSITION 

The information available to you for accu- 
rately fixing the position of your ship may at times 
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Figure 3-12.-DR tracer. 



be inadequate. Often, however, it is possible to 
improve on the DR position by utilizing addition- 
al data already on hand. A position obtainedunder 
these conditions is called an estimated position 
(EP). 

One of the acceptable methods of estimating 
position is by means of soundings. The value of 
a position found in this manner depends largely 
on the contour and. nature of the bottom and on 
your ability to interpret and apply this inf orma* 
tion. In general, soundings of a flat bottom are 



worthless in fixing your EP unlesa samples of 
the bottom are taken. Often, however, when the 
bottom contours are irregular a fairly accurate 
position (EP) can be determined. 

Use of Soundings 

To make use of soundings in locating the po- 
sition (EP) of your ship, you should proceed as 
follows: (1) Draw a straight line on a piece of 
transparent paper or plastic. (2) Along this line 
mark off the distance between soundings (com- 
pute the distance run between the times you an- 
ticipate taking your soundings) to the scale of the 
chart you are using. Usually itisbest to record 
soundings at regular intervals, say every 5 or 
10 minutes, or every mile. (3) Record the times 
of the soundings and depths obtained at the marks 
along the line. (4) Place your transparency over 
your chart with the line of EPs corresponding to 
your DR track line. 

Your DR track should be used only as a guide 
because it does not take into account the set or 
drift When the soundings recorded on your 
transparency correspond to thoe-d on your chart 
at the same or nearly the same time as those on 
your DR track, you have a fairly accurate EP. 

Because an EP is not a well-determined 
position, it is not customary to run a new DR 
track line from such a position. A line represent- 
ing the estimated course and speed being made 
good should, however, be run from an EP to in- 
dicate the possibility of the ship standing into 
danger. 

Current Sailing 

Current sailing is the method of computing 
course and speed through the water, making full 
allowances for the effects of current so that, at 
the end of your travel, the intended track and the 
actual track made good are the same. 

The difference between the dead reckoning 
position and an accurate fix is the result of the 
action of various forces on the ship, plus any 
errors in the calculation of course and speed. 
Regardless of the actual components that make up 
this difference, it is always referred to as the 
effect of current. 

The following discussion of current sailing, 
however, relates to real currents in the oceans, 
harbors, and various inland waterways. Before 
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Figure 3-13.-DRT plotting table. 



continuing further, two simple definitions should 
be understood. 

• Set: The direction in which a current acts; 
that is, the direction toward which it flows. 
Usually the set is expressed in degrees 
true. 

• Drift: The speed of the current in knots. 

In working set and drift problems, you must 
allow for current, and compensate for its effects. 
This allowance for current, as well as compen- 
sating for its effects, is accomplished by tising 
a vector diagram. From this diagram you can 
find: (1) the course and speed your ship will make 



good when steaming a given course at a given 
speed; and (2) the course you must steer and the 
speed at which you must steam in order to have 
your ship make good a desired course and speed. 

Both solutions may be obtained by drawing 
the victor diagram on your chart or on a sepa- 
rate piece of paper. 

• Example 1: Your course and speed, as well 
as set and drift, are known. Find the course and 
speed that actual^ will be made good. 

Your ship is on course 211° (T), speed 12 knots. 
Set of the current l is 075°, drift 3 knots. In fig- 
ure 3-14 let line NS be the meridian, with your 
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Figure 3- 14, -Set and drift problem: Solving 
for course and speed actually made good. 



ship at point A. Lay off, clockwise, the angle 
NAB, which is 211°. Using the scale of the chart, 
or an arbitrary scale, make line AB equal 12 
miles (which means you travel for 1 hour). The 
scale used in figure 3-14 is 1/4 inch= 1 mile. 

From point B draw line BD in the direction 
of the set (075°), and make BD equal 3 miles. 
Angle NAD, clockwise, is 199°, which is the 
course actually made good. Speed made good is 
10 knots (length of line AD). 

• Example 2: You wish to make good a certain 
course and speed; set and drift are known. Find 
the necessary course to steer and the speed at 
which you must steam. 



It is necessary to make good a course of 300° 
and a speed of 10 knots in order to make a ren- 
dezvous. Set of the cur rent is 180 0 , drift 3 knots. 
In figure 3-15 let line NS be the meridian, with 
your ship at point X. Lay off, clockwise, the 
angle NXY, which is 300°. Using the scale of the 
chart, or an arbitrary scale, make line XY equal 
10 knots. Again, the scale used in the illustra- 
tion is 1/4 inch = 1 mile. 
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Figure 3-15.— Set and drift problem: Solving 
for course to steer and steaming speed. 

From point Y draw line YZ, the reciprocal 
of the set (reciprocal of 180° is 000°), and make 
YZ equal 3 miles. Angle NXZ, clockwise, is 313°, 
which is the course you must steer. The speed 
at which you must steam, line XZ, works out to 
be 12 knots. 
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CHAPTER 4 

ELECTRONIC NAVIGATION 



The expression "electronic navigation" com- 
prises all types of navigation thatuse electronic 
equipment to aid in determining a ship's posi- 
tion. You have navigated by means of various 
electronic aids to navigation, and you are well 
aware of the accuracy that may be achieved 
with these aids when they are employedproper- 
ly and their limitations are understood. 

Celestial navigation, dead reckoning, and 
piloting remain the principal methods of naviga- 
tion. Both celestial observations and piloting 
depend on visibility, however; and dead reckon- 
ing gives you only an approximate position. 
Thus, electronic aids to navigation have proved 
to be a boon to the safe navigation of your ship. 
When they are used in conjunction with other 
methods available to you, or independently when 
the need arises, they supply an accurate determi- 
nation of your ship'* position. Unfortunately, 
electronic equipment, like other pieces of com- 
plex machinery, can become inoperative. Atmos- 
pheric conditions also may adversely affect the 
reliability of information obtained from this 
equipment. You must therefore continually uti- 
lize all available methods of— and aids to— navi- 
gation, and never place your complete reliance 
on one aid alone if others can be used. 

Some of the limitations of radar and loran 
are covered in this chapter, together with a brief 
discussion of consol, decca, and omega naviga- 
tion systems. 



RADAR 

The principle of radar is, simply, that radio 
waves are reflected from a solid or a liquid sur- 
face or target. The time required for the waves 
to reach a target and return is measured; and, 
by a simple mathematical formula, the range 
can be determined. Because the waves emitted 
by the radar antenna are directional in nature, 



the bearing to the target can also be 
determined. 

ADVANTAGES OF RADAR IN NAVIGATION 

When used for navigational purposes, radar 
has distinct advantages over other types of navi- 
gational equipment. Several of these benefits 
are given in the following list 

1. Normally, you can use radar when other 
methods are unavailable; for example, at night 
and during periods of low visibility. 

2. Because both a range and a bearing are 
provided by radar, you can obtain a fix from a 
single object. 

3. With the PPI, a continuous position is 
available to you, and radar fixes can be obtained 
quite rapidly. 

4. At times you will find radar navigation to 
be more accurate than other methods of piloting. 

5. Usually you can use radar at greater dis- 
tances from land than nonelectronic methods 
used in piloting. 

6. Radar is a helpful anticollision device, 
giving you a presentation of the surrounding area 
on the PPI scope, even during periods of reduc- 
ed visibility. The use of radar alone, however, 
does not prevent collisions nor modify the Rules 
of the Road. 

7. You can use radar to locate and track 
squalls and nearby tropical storms. 

DISADVANTAGES OF RADAR IN NAVIGATION 

When used in navigation, radar has certain 
limitations and disadvantages that you should 
keep in mind. Following are some of the dis- 
advantages. 

1. Radar is subject to mechanical and elec- 
trical failure. 

2. There are limitations to both minimum 
and maximum ranges. 



48 



Chapter 4-ELECTRONIC NAVIGATION 



3. Proper interpretation of information pre- 
sented on the scope is not always easy, even 
after you become proficient at it 

4. Sometimes radar is not as accurate as 
other methods of piloting. A visual bearing, for 
example, is more accurate than a radar bearing. 

5. During unusual atmospheric conditions, 
radar may be unreliable. 

6. Information necessary for identification 
of radar targets is not always given on charts. 

7. Small boats, buoys, or rocks, and the like, 
cannot be detected easily by radar, especially if 
a high sea or surf is running or if the objects are 
near the shore. 

ACCURACY OF RADAR 

The accuracy of positions obtained by radar, 
when used in navigation, varies with the differ- 
ent types of radar and the skill of the operators. 
You will be using radar directly for navigation, 
and you should understand the problems influ- 
encing its accuracy. 

In the majority of circumstances, the accu- 
racy of radar fixes compares favorably with 
fixes obtained by other means. The limitations of 
each radar set should, however, be understood 
thoroughly byeveryonewho is depending on it for 
information. Some of the factors affecting the 
accuracy of specific radar information follow. 

1. Beam width: Although radar signals are 
directional, they are transmitted as fan-shaped 
narrow beams. Echoes are received continu- 
ously by your radar a# its beam sweeps across 
a target 

2. Pulse kti^h: Pulse length affects the 
apparent thickness o? depth of the pip as it ap- 
pears on the PPI. 

3. Mechanipal adjustment Radar sets, al- 
though rugged, are nevertheless rather sensitive 
instruments, and they require accurate adjust- 
ment Remember, error in adjustment usually 
causes error in readings obtained. 

4. Interpretation: Even with proper train- 
ing, a person operating a radar may not always 
find it easy to interpret an echo properly. Three 
of several influences that make this problem 
difficult are bearing resolution, range resolu- 
tion, and shoreline interpretation. 

a. Resolution in bearing: If two or more 
targets are very close together and are at about 
the same range andbearing, their pips may come 
together, appearing as a single target on the PPI. 



The minimum difference in bearing between two 
objects at the same range that can be detected 
by a radar is called its resolution in bearing. 
Always bear in mind, and impress upon your 
men, that a number of piles, rocks, small boats, 
or other small objects near a shore may ap- 
pear as a solid line, giving you a false impres- 
sion of the position of the shoreline, and making 
inaccurate the radar bearings of points along the 
shore. 

b. Resolution in range: The minimum 
difference in range between two objects close 
together on the same bearing that can be distin- 
guished by a radar is called resolution in range. 
You may falsely identify a point when two or more 
targets appear as a single long one, or when a 
ship, buoy, or rock is near a point and not sepa- 
rated. False shorelines may appear on your 
scope because of a pier, several small boats, or 
because of heavy surf over a shoal. f 

c. Shoreline interpretation: The shore- 
line may appear some distance inland at bluffs 
or cliffs back of a low, flat, or sloping beach. 
False shorelines also make inaccurate the radar 
ranges or bearings from points along the shore. 
Never let yourself or your men be lulled into a 
false sense of security merely because you ob- 
tain the closest range to land. You may have a 
false shoreline, and there may be several hun- 
dred feet of low beach extending your way, none 
of which was shown by your radar. 

LIMITATIONS IN RANGE 

For all practical purposes, radar has both 
minimum and maximum ranges. Minimum 
ranges are determined by obstructions in the vi- 
cinity of the antenna, sea return, and certain 
technical features that are beyond the scope of 
this course. Maximum range usually is limited 
by the curvature of the earth to the line of sight 
and depends to some extent on the height of the 
radar antenna above the surface of the water. 
Such technical features as output power, pulse 
width, and frequency also affect maximum 
range. 

PILOTING BY RADAR 

Well- determined positions by radar are la- 
beled fixes. Positions that are not well-deter- 
mined, or less reliable ones, are labeled EPs 
(estimated positions), depending on the judg- 
ment of the navigator. You know that radar 
bearings nre always less accurate than visual 
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bearings. Radar ranges, however, are relative- 
ly accurate. Consequently, a fix obtained by a 
method in which one or more of the lines of po- 
sition is determined from range is always more 
accurate than one obtained from radar bearings 
alone. 

The three most common methods of deter- 
mining position by radar are— 

1. Two (or more) ranges. 

2. Range and bearing of a single object. 

3. Two (or more) bearings. 

Two or More Ranges 

Two or more radar ranges provide the most * 
accurate fix that can be determined by PPI 
scope. When this method is used separately or 
in connection with visual bearings, it produces 
reliable fixes. When piloting, always remember 
that the ranges taken from a coastline may be in- 
accurate for the reasons stated previously. For 
these same reasons, then, always try to use a 
small, well-defined object that can be plotted 
accurately from the exact point of echo. When- 
ever practicable, try to supplement radar ranges 
with visual bearings. Chances are slim that your 
fixes will be erroneous when two or more radar 
ranges and visual lines of position are used. 
Impress upon the minds of your men that the 
more methods used simultaneously in obtaining 
a fix, the more accurate will be your position. 

Range and Bearing of a Single Object 

As you know, both a bearing and a range are 
obtained from a single observation by radar. The 
intersection of the bearing and range is a fix. 
Because of the inherent inaccuracies of radar 
bearings, a more accurate fix can be obtained if 
we use a visual bearing intersecting a radar 
range. If only a single small object is available, 
however,- a radar range and bearing may be the 
only method of determining your position. If the 
target is a small, well-defined island or a point 
of sufficient width, you can obtain a more accu- 
rate fix by plotting tangent bearings and range. 
But, because of beam width distortions, tangent 
bearings usually intersect at a point less than 
the measured range, thus forming a small tri- 
angle. Your position is thenconsideredtolie on 
the measured range midway between the bearing 
lines—not in the center of the triangle, as in other 
types of fixes. 



Two or More Bearings 

Two or more bearings by radar are plotted 
in the same manner as visual bearings. This 
method is the least desirable and least accurate 
method of obtaining a radar fix. Hence, this 
method should be avoided if a more accurate 
method can be utilized. 



RADAR BEACONS 

Two types of radar beacons are in limited 
use. These types are the ramark (formed from 
the term radar mark) , which is used by ships, 
and racon (formed from radar beacon), which is 
used primarily by aircraft 

The ramark beacon is simply a transmitter 
that transmits a continuous signal on a radar fre- 
quency. The signal appears on the PPI as a 
bright line each time the radar antennapoints to- 
ward the beacon. Thus, a bearing is readily 
available to a known point. Radar beacons are 
portable and may be established on a specific 
shoreline for use in amphibious and mine 
countermeasure operations. 

Racon consists of a transponder, which 
returns a coded signal when triggered by a sig- 
nal from a radar transmitter. The beacon is 
identified by dot and dash signals. The range and 
bearing are indicated by the position of the first 
character of the code as it appears on the PPI. 



LORAN 

Whereas radar is used primarily for piloting 
and as an aid in coastal navigation, loran is used 
primarily to supplement celestial navigation 
when at sea. Undoubtedly you have experienced 
. days when the sky was overcast and the heaven- 
ly bodies were not visible for observation. At 
those times you had to rely on your ship 1 s loran 
equipment How loran functions, how to obtain 
readings, and plot loran lines of position are dis- 
cussed in detail in Quartermaster 3 & 2. 
NavPers 10140. Only uses and limitations of loran 
are described in this chapter. 

ADVANTAGES OF LORAN 

Loran has several advantages over other 
methods of navigation, some of which are 
listed here. 
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1. Through frequent practice, you can ob- 
tain a single line of position in less than 
1 minute by loran. 

2. You can train your men to operate loran 
in a relatively short time. 

3. Normally, you can obtain readings during 
; the most adverse weather conditions. 

4. You can receive signals at any time of 
day or night. 

5. Loran has an advantage of relatively long 
range. Loran- A normally can be receiv- 
ed 700 to 800 miles during the day and up 
to 1400 miles at night 

6. Although their range decreases, loran 
signals can travel overland without loss 
of accuracy. 

7. Precise time is not as important a fac- 
tor as in celestial navigation. 

8. Because there is no transmission by your 
own ship, radio silence is maintained. 

9. Ordinary jamming methods usually are 
unsuccessful. 

10. Compass and/or gyro course is not essen- 
tial for a loran fix. 

DISADVANTAGES OF LORAN 

The following disadvantages of loran in navi- 
gation are cited. 

1. Mechanical or electrical failure is always 
possible both aboard your ship and at in- 
dividual transmitting stations. 

2. Many areas of the world do not have loran 
stations, consequently the area of cover- 
age is limited. 

3. Identification of signals at extreme ranges 
is not always reliable. 

4. Although shore transmitting stations are 
a necessity/ they not only are expensive 
to operate but are subject to damage by 
weather or capture by an enemy. 

RELIABILITY OF LORAN 

Like other forms of electronic navigational 
equipment, loran is subject to outside interfer- 
ence. Consequently, its reliability is propor- 
tionally affected. Ordinary static, for instance, 
appears as "grass" on the traces. A loran- A 
reading can be made only if signals are strong 
enough to appeal above the grass. Flashes of 
lightning and *adio CW transmissions cause 
interference that may momentarily obscure 
loran signals being received. Loran may be used 
between these disturbances and a reading may be 



obtained. Radar produces a series of signals 
somewhat resembling loran signals, but you 
easily can distinguish between them because they 
are spaced regularly across the traces and 
should not interfere with obtaining an accurate 
reading. 

Two other forms of interference affecting the 
reliability of loran come from lor ah itself. These 
extraneous signals are commonly known as spill- 
over and ghost pulses. 

• Spillove r : When you are near one loran station 
and you are tuned toa different station consider- 
ably distant, weak signals may appear from the 
nearer of the two stations. You might make the 
mistake of trying to match a signal from the 
nearer station with one from the station to which 
you are tuned. You mustkeep alert to recognize 
such interference when you are in an area where 
it is likely to happen. If you suspect spillover, 
you should shift to the frequency of the nearer 
station and use it to determine your LOP. 

• Ghost pulses: If your loran set is tuned to the 
incorrect basic pulse repetition rate, ghost 
pulses appear. They usually become visible as 
normal loran signals, but they flicker, and the 
trace itself looks unbroken at the pip. With the 
true pulse, the trace normally appears interrupt- 
ed across the base of the pip. You know from ex- 
perience that these ghost pulses can be matched, 
but any reading you obtain is meaningless. 



TRANSMISSION INACCURACIES 

The synchronization of loran stations is moni- 
tored constantly to ensure accuracy. Should the 
timing of the signals become inaccurate by as 
little as 2 microseconds, you are warned by the 
blinking of one or both of the signals being re- 
ceived on your loran receiver. The signals on 
your lorap-A receiver are made to blink or shift 
to the right about 1000 /isecandbackat intervals 
of about 1 second. Either station of a pair may 
blink. You should not take readings at this time. 
Usually the signals are synchronized wi thin afew 
minutes, and the blinking ceases. 



LORAN-C 

Loran- C is an advanced long-range naviga- 
tional system using a single low-frequency 
transmission (100 kHz). It operates in much the 
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same manner as standard loran (lor an- A), but 
has greater range and accuracy. 

Standard loran receivers can be modified to 
permit reception of loran-C signals. The 
modified receivers, however, are not as accurate 
as the automatic tracking receivers which match 
the r-f cycles within individual pulses in addition 
to the pulses themselves. 

The usual groundwave range of loran-C is 
1200 nautical miles. First hop skywaves during 
daylight and darkness have a normal range of 2300 
nautical miles. Second hop skywaves have a 
range of approximately 3400 nautical miles. 

The accuracy of loran-C depends on measur- 
ing the phase of r-f cycles within the pulse 
groups. The signals are obtainedfrom a master 
station and two slave stations. This provision 
enables loran-C to have a fine time accuracy and 
highly accurate fixes. 

Figure 4-1 shows the day and night coverage 
of some loran-C stations. The chart may show 
some stations that no longer are operative, or 
stations not yet operative, hence you should 
consult the weekly Notice to Mariners for any 
changes. 



CONSOL 

Consol is a long-range navigational aid. 
Several consol installations are located in the 
coastal European countries. On many occasions 
a good dead reckoning position is as reliable as 
a position obtained by consol. The average 
accuracy by consol is 0.3° during the day and 0.7° 
at night The method is most useful, therefore, 
when your position 1 is in doubt or when you wish 
to check other navigational methods for gross 
errors. Normal shipboard radio receiving 
equipment can be utilized to determine ship's 
position by consol. 

USING CONSOL 

Figure 4-2 shows the transmission pattern of 
one of the consol stations. You will note that 
there are 24 sectors 12 sectors transmitting 
dots, and 12 sectors transmitting dashes. The 
accuracy of consol is maximum along the 
perpendicular bisfector of the baseline. The 
accuracy decreases as the baseline extension is 
approached. In fact, useful Coverage is limited 
to -two areas of about 140° to 150°. 



Consol operates in cycles. One cycle consists 
of an allotted amount of time to transmit a dot or 
a dash identification signal, followed by a rotation 
of the sectors. Depending on the sector, either 
60 dots or 60 dashes will be transmitted during 
each rotation through a sector. 

Obtaining a Bearing 

You now should have a rough idea about the 
operation of consol. In order to obtain a fix, you 
need to obtain a bearing from two consol stations. 
Their intersection gives a rough fix. 

In figure 4-3 you see 2 sectors taken from the 
entire pattern of 24 sectors. Sector AOBis a dot 
sector and BOC is a dash sector. After the 
transmission indicating the identity of the consol 
station, you count 15 dashes (part A of fig. 4-3), 
then you hear the equisignal (continuous tone 
located on the line between adjacent sectors). 
Next, you hear 45 dots (part B of fig. 4-3). This 
information enables you to locate your line of 
position along line OS. 

The aforementioned example is illustrative in 
nature. Most of the time, an operator does not 
hear allot the dots and dashes. In the illustrative 
case mentioned you probably heard 12 dashes and 
42 dots. You did not hear 6 signals. You must 
then assume that half of these 6 signal* are dots 
and half are dashes. The true count, therefore, 
is 15 dashes and 45 dots. Tables for converting 
the count at dots or dashes into true bearings 
from the station are contained in H.O. Pub. 117. 
(The British Admiralty and the U.S. Navy 
Oceanographic Office publish consol charts that 
are used much like loran charts.) Normally, you 
should have no trouble determining the sector in 
which you are located. If you do, a rough bearing 
can be taken by a direction finder. A rough DR 
position usually is sufficient for determining the 
proper sector. 



DECCA 

Decca is the British equivalent of standard 
loran. It is extremely accurate at short 
ranges— even more so than loran. 

Like loran, decca utilizes master and slave 
stations. Decca employs one master station and 
three slave stations in each chain. The three 
slave stations are named for the colors of the 
lines representing them on the decca charts. 
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112.37 

Figure 4-1.— Some loran-C stations. 
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Figure 4-2. —Transmission pattern of consol stations. 
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DIRECTION OF 
SECTOR 




A 

A. BEFORE ROTATION 



O 




B. AFTER ROTATION 

112.36 

Figure 4-3.— Reading the consol signal. 

Although three lines of position can be obtained 
from each chain, normally only the two LOPs 



are used that give the highest degree of accuracy 
for the area in question. 

In order to receivedeccasignals,ashipmust 
have three decometers (receiver indicators 
employed aboard ships for displaying decca 
signals). From information taken from the 
decometers, the LOPs can be plotted on the decca 
charts. You probably will have little opportunity 
to use this system. 



OMEGA 

Omega is an electronic navigational system 
that has been under development for several 
years. When fully operational, it is expected to 
fulfill requirements not met previously by other 
navigational systems. Omega wtl be an 
all-weather system with global coverage, whose 
accuracy remains relatively the same, regard- 
less of the navigator's location. 

For global coverage, transmitting stations 
must be set up in eight widely separated 
locations, such as the Caribbean Sea area, middle 
north Pacific Ocean, north- central United States, 
Scandinavia, southern tip of South America, 
Indian . Ocean, Tasman Sea, and Japan/Philip- 
pines/Okinawa. Surface vessels, aircraft, and 
submerged submarines are expected to be able to 
receive signals from at least five of these 
stations any place on the globe. 

The predicted range of each station is 5000 to 
6000 nautical miles, with a predicted accuracy of 
1.0 nautical mile in the daytime and 2 nautical 
miles at night. Omega signals are transmitted 
by means of very low frequency (10.2 and 
13.6 kHz). Special receivers are used to measure 
phase differences in these VLF signals for ob- 
taining position information. 

Although the system is not yet fully oper- 
ational, it will be of major importance in naviga- 
tion when all stations are established and ships 
are provided with its receiving equipment 
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CELESTIAL NAVIGATION 



You were given an introduction to celestial 
navigation in the Quartermaster 3 & 2 course, 
which was sufficient for most celestial naviga- 
tion duties encountered in the lower pay grades. 
As a First Class or Chief Quartermaster, and 
perhaps assistant navigator, however, your 
knowledge of celestial navigation must be much 
more extensive than for the QM 3 and 2 levels. 

Celestial navigation is a science requiring 
rigid adherence to rules, constant practice, and 
experience. This chapter will build on the 
information presented in the QM 3 & 2 training 
course, and will describe the steps necessary 
for obtaining a celestial line of position or fix. 
The actual practice, naturally, is up to you. it 
is recommended that while studying this chapter, 
you refer to Bowditch or Dutton for elaboration 
on points that may be unclear. 

USE OF SEXTANT 

The instrument of chief importance in celes- 
tial navigation is the sextant. It is used to 
measure the altitude of a heavenly body above the 
visible horizon . Sextant altitude is corrected for 
various factors in order to determine the body's 
true (or corrected) altitude above the celestial 
horizon. Before going into the correction 
problem, the definition of these terms must be 
thoroughly understood: 

• The sextant altitude, or altitude of a body 
above the visible horizon, is the sextant reading 
without correction. 

• The observed altitude (true altitude) is the 
altitude of the center of the observed body above 
the celestial horizon. It is obtained by applying 
certain corrections to the sextant altitude. 

ALTITUDE CORRECTIONS 

Of the following five altitude corrections, the 
first three apply to observations of all celestial 



bodies. The last two corrections are applicable 
only when the observed body belongs to the. 
solar system. Figure 5-1 illustrates the 
correction problem. To obtain the true altitude, 
then, the sextant altitude of any celestial body 
must be corrected for— 

1. Index error, which is the constant 
amount by which the sextant angle between two 
objects differs from the true angle. 

2. Refraction, which is the deviation of 
rays of light from a straight line caused by 
the earth's atmosphere. 

3. Dip of the horizon, which is the differ- 
ence in direction between the visible and 
celestial horizons caused by the observer's 
height above the surface. 

If the observed body belongs to the solar 
system, corrections must also be made for— 

4. Parallax, which is caused by the prox- 
imity of bodies of the solar system to the earth, 
resulting in a difference in altitudes measured 
from the surface of the earth and from the 
center of the earth. Such an occurrence is 
not true of other heavenly bodies whose 
distance from the earth is considered infinite. 

5. Semidiameter, resulting from the near- 
ness of bodies of the solar system, making it 
necessary to consider the observed bodies as 
of appreciable size instead of as merd points 
of light (stars, for example). The sextant 
altitude of such a body is obtained by bringing 
its disk tangent to the horizon. Semidiameter 
correction must be applied to find the altitude 
of the center. 

Index Correction 

An error, known as the index error, is 
introduced if there is a small lack of parallel- 
ism of the horizon glass. Index correction is 
resolved by the following procedure. 
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Figure 5-1.— Altitude corrections. 
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Set the sextant near zero. Hold the sextant 
vertically and sight toward the horizon. Use 
the micrometer drum to bring the direct 
horizon and reflected horizon exactly in line. 
(See fig. 5-2) If the sextant reading is zero, 
there is no error. If the reading is not zero, 
the amount of error is the index correction. 
If the index mark is to the left of the zero on the 
arc of the limb, then the reading is too large, 
and this index correction must be subtracted 
from the sextant altitude. If the index mark is 
to the right of zero (off the arc), the reading 
is too low, and this amount must be added to 
the sextant altitude. 

The amount of index correction is obtained 
as follows: If the index mark is on the arc, the 
sextant is read in the usual way. The reading is 
the index correction to be subtracted. Always 
read the degree graduation mark of the limb to 
the right of the index mark, whether the index 
mark is on or off the mark. In figure 5-3 the 
index mark points to the right of the zero (off 
the arc) to a spot between the 1° and 2° mark. 
The 2° mark must be used. On the drum the 16 
mark lies below the 0 mark on the vernier, 
hence the reading in minutes is 16. The mark 
above the 0 mark on the Vernier that coincides 
most nearly with a marie on the drum is the 3 
mark. Thus, the remainder of the reading 
is 0.3 minute. The combined drum and vernier 
reading tells you how much the index mark is 
to the left of the 2° mark on the arc of the limb. 
The result obtained by subtracting 16.3' from 2° 
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Figure 5-2. —Direct and reflected 
view of the horizon. 
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Figure 5-3.— Reading off the arc. 



29.268 



is your index correction of 1°43.7\ Because 
the reading is off the arc, 1°43.7' must be added 
to the sextant altitude. (NOTE: This index 
correction is abnormally large and is used here 
for illustrative purposes only.) 



Refraction 

The earth is wrapped in a blanket of atmos- 
phere more than 50 miles deep. Density of the 
atmosphere, like that of the ocean, increases 
with depth and is greatest at the bottom, next to 
the earth's surface. Light rays do not follow a 
straight line when passing obliquely through 
atmospheric strata of different densities, but 
are slightly bent into a gentle arc. This 
phenomenon is called refraction. Refraction is 
defined as the deviation of light rays from a 
straight line caused by their passage obliquely 
through mediums of different density. The 
measure of refraction is the angular difference 
between the apparent rays of light from an ob- 
served celestial body and its true direction. 

The effect of refraction is always to make 
the observed altitude greater than the true 
altitude. Consequently, refraction correction 
is always subtracted from the sextant altitude. 
Inasmuch as refraction is caused by the oblique 
passage of rays through the atmosphere, fays 
from a body in the observer's zenith, intersect- 
ing the atmospheric strata at right angles, are 
not refracted. Maximum refraction occurs 
when a body is on the horizon, amounting then 



58 



Chapter 5— CELESTIAL NAVIGATION 



to between 34' and 39'; the amount depends on 
atmospheric conditions. Density of the atmos- 
phere varies with barometric pressure and 
temperature. Refraction varies with density and 
also with the bodies altitude. 

Because refraction varies with atmospheric 
conditions, and the effect of atmospheric 
conditions at low altitudes cannot be estimated 
with complete accuracy, observations of bodies 
below 10° should be regarded with suspicion. 
Refraction has no effect on the azimutl) of a 
celestial body, because it takes place entirely 
in the vertical plane of passage of the light rays. 

Dip of the Horizon 

The higher an observer's position is above 
the surface, the more he must lower (or dip) 
his line of vision to see the horizon. Logically, 
then, all altitude observations must be cor- 
rected for height of eye. Refer again to figure 
5-1, and you will see why a dip correction is 
always subtracted. 

Failure to correct for dip from a height of 
10 feet would result in an error of 3 miles in 
line of position. From the bridge of the average 
destroyer, the resulting error would be ap- 
proximately 7 miles. 

Parallax 

Parallax is the difference between the 
altitude of a body, as measured from the 
earth's center, and its altitude (corrected for 
refraction and dip), as measured from the 
earth's surface. Altitude from the center of 
the earth is bound to be greater than from the 
surface. Consequently, parallax is always 
a plus correction. 

Parallax increases from 0° for a body 
directly over head to a maximum for a body on 
the horizon. In the latter instance, it is called 
horizontal parallax (HP). Parallax of the moon 
is both extreme and varied, because of its 
changing distance from the earth in its passage 
through its orbit. Parallax ofthesunis small; 
that of the planets is even smaller. For the 
stars, parallax is so tiny it is negligible. 

Semidiameter 

The true altitude of a body is measured to 
the center of that body. Because the sun and 
moon are of appreciable size, the usual practice 
is to observe the lower limb. The semidiameter 



correction must therefore be added. It follows, 
then, that if the upper limb of either body 
is observed, the semidiameter correction is 
subtractive. Semidiameter correction amounts 
to about 16' for either the sun or moon. 
Stars are considered as points, and, as such, 
they require no semidiameter correction. 
When observing a planet, the center of the 
planet is visually estimated by the observer, 
so that there never is a semidiameter correc- 
tion. 

In concluding the subject of altitude correc- 
tions, mention should be made that some tables 
for altitude corrections (the Nautical Almanac , 
for example) combine two or more of the 
corrections for refraction, parallax, and semi- 
diameter. The correction for height of eye 
. (dip) appears in a separate table for use with 
all bodies. Index error, which is impossible 
to include in such tables, should always be 
determined, recorded, marked plus or minus, 
and applied before any of the tabulated correc- 
tions. 

OBSERVING THE SUN 

At this point, a few words on the general 
technique of observing the sun with a sextant 
might not be amiss. Experience, of course, 
is the only way to gain real proficiency in 
shooting the sun or any other body. 

First, either one or both eyes may be left 
open while observing the sun. Some naviga- 
tors feel that there is less eye strain if 
both eyes are open; however, if it is easier 
for you, you may close one eye and aim 
as if firing a gun. No loss of accuracy will 
result. Focus the telescope properly before 
you start. This adjustment is accomplished 
by observing a distent object and moving the 
eyepiece in or out until the image is clean 
Then, check the index correction* 

Next, select the shade glasses you want 
to use, and turn them into position in front 
of the index glass. Sometimes they are slight- 
ly prismatic, so it would be well for you 
to recheck the index error after they are 
set. If the telescope is equipped with 
polarizing filters instead of shade glasses, 
adjust the filters as necessary. 

Hold the sextant vertically, and train the 
line of sight on that point of the horizon 
just below the sun. Beginning with zero 
position, move the index arm slowly outward 

59 



QUARTERMASTER 1 & C 




69.19 

Figure 5-4.— Observing the sun's lower limb. 

until the image of the sun appears in the 
mirror of the horizon glass. Continue moving 
the arm . until the sun's lower limb is nearly 
tangent to the horizon, as in figure 5-4, and 
set the clamp. 

Before moving the micrometer drum in 
order to bring the sun's lower limb exactly 
tangent to the horizon, you must ascertain 
whether you actually are holding the sextant 
vertically. Rotate the sextant slowly through 
a small arc about the line of sight. As you 
do so, the sun's image moves in a small 
arc convex to the horizon. At the point where 
the image is lowest, the sextant is held verti- 
cally. This procedure, called swinging the 
arc, should be followed every time an obser- 
vation is taken. If the sextant is not held 
vertically, the angle measured will be between 
the observed body and a point on the horizon 
that id not exactly below it, so that the altitude 
measured will be inaccurate. m 

If you have an assistant taking the time, 
warn him to stand by with the watch. Move 
the micrometer drum until the sun's lower 
limb is in contact with the horizon, and at 
the instant of contact sing out "Mark!" At this 
word, your helper notes the time to the second. 

Until you become fairly proficient, you'll 
find it a good idea to take a series of obser- 
vations (at least three), as rapidly as you 
can get them, with an accurate time on each. 
All computations for the line of position can 



then be made from a mean of the observed 
altitudes together with a mean of the recorded 
times. Any obviously erroneous observation 
(based on comparison with the others) should 
be discarded before a mean is taken. Consider 
the computation for the following observations, 
for example. 



Watch Time Sextant Altitude 



09h 


10m 


32s 


48° 


10.0' 




09h 


11m 


16s 


48° 


17. 5' 




Q9h 


12m 


06s 


48_° 


26.2' 




27h 


33m 


54s 


144° 


53.7' 


Total 


09h 


Urn 


18s 


48° 


17.9' 


Mean 



The foregoing method of obtaining accurate 
observations 1 is especially useful when the 
ship roiling or pitching heavily, or when 
other conditions make observation difficult and 
uncertain. Don't use it when the observed body 
is near the meridian, though, because then 
the change of altitude varies as the square 
of the hour angle. A method called reduction 
to the meridian is suitable for that situation. 



OBSERVING THE MOON 

Formerly, considerable prejudice existed 
against the moon as a navigational body because 
of the difficulty in trying to reduce lunar 
movements to a definite pattern. Recent tab- 
ulations now make it possible to calculate 
the moon's declination and hour angle without 
any difficult interpolation. 

Using the moon for observations has def- 
inite advantages, however. It often gives you 
a line of position when one cannot be obtained 
by means of another celestial body. Frequently, 
the thoon may be observed during daylight, 
at twilight, or occasionally after dark, when 
its light illuminates the horizon. But, because 
of the varying shape of the moon's disk, it 
is often necessary to observe the upper limb 
instead of the lower limb. 



OBSERVING STARS AND PLANETS 

The technique of bringing down or pulling 
down a star or planet is similar to shooting the 
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sun, except that no shade glasses are required 
and usually a telescope is needed to increase 
the body's size and ensure against losing 
sight of it. Use of the telescope reduces the 
field of vision somewhat, making it harder to 
"pick up" stars originally, but because the 
stars are magnified, fixes obtained are normally 
more accurate.^ 

Once you identify the star you want, the 
chief difficulty in pulling down the star stems 
from the likelihood of losing sight of it when 
you direct your line of sight to the horizon. 
Often the star is a dim one whose reflection 
may not be easy to identify. Besides, during 
early morning or late twilight, more than one 
star may appear in the field of the telescope, 
and you may be unable to tell which one you 
intended to observe. 

To keep track of your star, the following 
procedure is recommended. Set the sextant at 
"approximately zero, and direct the line of 
sight toward the star. The star should then be 
nearly coincident with its image (fig. 5-5). 
Hold the sextant approximately in the plane of 
the star's vertical circle, and move the index 
arm slowly outward, causing the star's image 
to move downward. As you move the arm out- 
ward, move the horizon glass downward so as 
to keep the star's image in the glass. When 
the index arm moves to the reading of the 
star's approximate altitude, the horizon shows 
up in the clear half of the horizon glass. Set 
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Figure 5-5. -Shooting a star. 



the index arm clamp, and proceed as described 
for the sun. To avoid bringing down the wrong 
star, you may keep both eyes open while 
observing. 

Many navigators prefer a second method of 
bringing down a star. It consists essentially 
of bringing the horizon up instead. For this 
method, set the arm near the zero mark, 
invert the sextant, and direct the line of sight 
at the star. You will see the star in the clear 
part of the horizon glass. Move the index arm 
until you bring the horizon up to the star, then 
clamp the arm. 

With the index arm set at the approximate 
altitude, the sextant is turned right aide up, 
and the altitude is observed in the usual manner. 
In this method, the desired star is kept con- 
stantly in direct view as opposed to reflected 
view. You may have some slight difficulty 
picking up the star again after you right the 
sextant, but if you train on the proper bearing, 
it should appear in the horizon mirror. Most 
navigational stars are for enough apart so 
that no other bright star is likely to show up 
near the same azimuth at the approximate 
altitude set. 

Brightness of the reflection from the horizon 
glass may be varied by moving the telescope 
toward or away from the plane of the instru- 
ment. Slacken the setscrew of the telescope 
carrier, adjust the telescope as desired, and 
set up the screw again. Moving the telescope 
away from the plane of the limb causes more 
light to enter from the unsilvered part of the 
horizon glass and less light from the mirrored 
part. This movement, in turn, makes the 
horizon relatively brighter and the reflected 
celestial body dimmer. Such a state of affairs 
is helpfUl in the darker twilight, when the 
horizon is difficult to see but the stars are bright. 

Moving the telescope toward the plane of the 
limb reverses the effect just described. As 
a result, more light is reflected from the 
mirrored part of the horizon glass. This 
procedure is desirable during the brighter 
twilight, when the horizon is clear but the stars 
remain faint. 

Whenever possible, you should plan the order 
of taking sights so that you can take maximum 
advantage of horizon conditions. During morning 
sights, for example, you should observe dimmer 
stars to the east before the horizon becomes too 
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bright; then observe stars to the west while 
that horizon still is good. 



STAR IDENTIFICATION 

As navigator's assistant, you frequently are 
required tft obtain a fix from two or more stars. 
You may ftvadar how anyone except an astron- 
omer can distinguish one star from the other. 
Actually, oaly a few of the multitudes of stars 
are used regularly for celestial navigation, and 
they are not too difficult to locate! and identify. 
No mattor where you may be navigating, you 
can menage very well if you are able to 
recognL?.i* 20 or so. The Nautical Almanac , 
however, lists 57 principal stars as well as 
tables for flying latitude by the North Star 
(Polaris). 

Rftlativu brightness cf stars is called their 
mat ,*lcude; the lo\v?r the magnitude, the brighter 
the fe!.>r. Sirius, brightest, of them all, has a 
magnitude of -1.6; Acamar, dimmest of the 
navigational stars, ;* listed at 3.1 magnitude. 
First magnitude stars range from magnitude 
- 1 .6 to magnitude X . 50. Second magnitude stare 
are those from £.51 to 2.50. Stars of third 
magnitude raftge from 2.51 to 3.50, ancUo on. 
Stf-rnf? of the sixth magnitude are bare! ' tf-'ible 
to the unaided eye. 

Man's imagination has given fancifr.1 names 
to various groups of the brighter stars. The 
stars of each of these groups are said to form 
a constellation. Constellations are named ac- 
cording to objects they are thought to resemble 
in outline. Orion, the hunter, wi&i his belt and 
sword, is a good example. 

One or more of the stars in a constellation 
may be navigational stars. Obviously, if you 
can recognize a constellation and know which 
of its stars may be used, you can identify them 
whenever the group is visible in the sky. The 
constellation familiarly called the Big Dipper 
(from its striking resemblance to a dipper with 
a handle) is known to astronomers as Ursa 
Major or Great Bear. Its resemblance to a 
bear puts considerable strain on the imagination, 
but the important fact about the Dipper is that 
three of its seven stars are useful for naviga- 
tional purposes. Moreover, the two stars, 
called Pointers, which form the side of the 
Dipper away from the handle, point constantly 
to the North Star, brightest star in the 



constellation of Ursa Minor (Little Bear). 
The Pointers are a valuable aid to navigators. 

The familiar stars and constellations are 
not always visible from where you may happen 
to be. For this reason, you must have some 
means of identifying navigational bodies when 
nothing you know by sight can be seen overhead. 
One method by which you can identify those 
celestial bodies is to use the Star Finder and 
Identifier (No. 2102-D). An example of such a 
star finder is seen in figure 5-6. 

STAR FINDER AND IDENTIFIER 

The star finder shows the positions tit the 
common navigational stars listed in the nautical 
almanacs. ( The Britte n Naut ical Almanac and 
the American Nauti cal Alft> a*iac are identical in 
content) The eta** finder consists of a flat disk 
1 1th two sides. On one side is a star base of 
the northern latitudes. The other side has a 
star base of the southern latitudes. This identi- 
fication device has nine transparent templates 
with grids by which latitude in tens of degrees 
from 5° to 85° may be ^elected. (A tenth 
template ic av&tl£ftk» for special use.) Each of 
the Kit*?* templav** has a series of altitude and 
azimuth curves. Reversing the templates makes 
possible their use in either northern or southern 
latitudes. In figure 5-6, the oval-shaped part 
near the center of the template contains the 
altitude and azimuth curves. Looking through 
this template, you observe the stir symbols 
and names (Antares, Arcturus, etc ) printed on 
the star ba?e. 

The circumference of the star base is 
graduated in degrees to the east from the firsf: 
point of Aries from 0° through Sb9°. "Ties* 
numbers represent, in effect, the right asc usion 
of each of the bodies on the template. 

Using Star Fifrder 

The stur finder may be used either to— 

1, Mi&e a list of the bevies available for 
observation at a given time; or to 

2. identify an unknown body whose altitude 
and azimuth have been observed. 

To use the starfinder, first determine 
GHArfor your timo of observation from the 
Nautical or Air Almanac. Next, determine 
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Figure 5-6,-Star finder with template. 



60.67(112) 



LhAt by subtracting your ■ longitude from 
GHArif in west longitude or by adding GHAr 
to your longitude if in east longitude. Select 
the template nearest your DR latitude and 
place it on the northern or southern base, 
depending on whether you are north or south 
of the equator. Ensure that the proper side 



of the template is up. Rotate the template 
until the 0°-180° arrow on the template is 
over the LHAron the base plate. Your zenith 
then is represented by the cross at the center 
of the open space on the template. 

The sky overhead is now shown in the part 
of the base covered by the curves on the 
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template. Moreover, the approximate azimuth 
and altitude of any navigational star within these, 
curves can be found by following the lines on the 
template. For instance, to locate Antares in 
figure 5-6, merely follow the grid lines, andyou 
will see that its azimuth is about 186° and its 
altitude about 18° . Step out on the bridge wing, 
follow the horizon around to 186°, raise your line 
of sight up about 18°, and you should be gazing 
directly at Antares-that is, of course, if you 
haven't gone askew somewhere in setting the 
star finder. 

Any number of the stars located within the 
grid may be listed and used for observation. If 
there are a sufficient number to choose from, you 
might choose only first magnitude stars. On the 
other hand, you might select stars suitably placed 
to give lines of position that will intersect at 
optimum angles. 

After a long period of heavy weather, you have 
often seen the navigator out on the bridge wing, 
eagerly scanning the heavens, his sextant at hand. 
He undoubtedly was hoping that the overcast 
would break long enough for him to have a shot at 
even a single star. 

If he should manage to pull a star down, how 
does he know which one it is? This is where the 
second use of the star finder comes into play. 
An azimuth of the body should be- taken at the 
instant of observation. When the correct 
template is oriented properly on the star base, 
the name of the body can be read at the intersec- 
tion of the azimuth and altitude lines on the grid. 

If no star appears on the star base at the 
observed altitude and azimuth, perhaps a planet 
has been observed. Because their apparent 
positions relative to the stars change, planets 
are not shown on the star base. They may be 
plotted easily, however, by using the special 
template mentioned earlier. (See fig. 5-7.) For . 
this purpose, extract the sidereal hour angle 
(SHA) and declination of any planet from the 
correct daily page of the Nautical Almanac . 
Find the body's right ascension by use of the 
formula RAf360-SHA, Place the special tem- 
plate over the star base and align the arrow on 
the template with the graduation at the edge of 
the star base so that the arrow corresponds to 
the body's RA. The template has an open slot 
with declination graduations along one side. Plot 
the planet at its declination, measuring from the 
zero marie toward the center if both the pole and 
declination have the same name (north or south), 
or away from the 'center if they have contrary 
names. The planet? s approximate altitude and 



azimuth may now be read from the star base in \ 
the same manner as stars. Periodically, the . 
positions of planets must be replotted. \ 

Star Identification by H.O. 249 

Perhaps the least complicated method of star j 
identification is by use of Vol. I of the Sight 
Reduction Tables for Air Navigation , H.O. Pub. 
No. 249. The principal disadvantage in using this 
publication is that it lists altitude and azimuth 
for only seven stars for each entry of LHArc 
This small number of stars will be no hindrance, 
however, unless the sky is partially overcast or, 
if for some other reason, the listedbodies cannot 
be observed. Selection of the seven stars listed 
for each LHAr was based on consideration of 
their azimuths, magnitudes, altitudes, and \ 
continuity. 

To use the table for star identification, 
determine from the almanac the GHArfor the 
approximate mid-time of observation. Using 
your DR longitude, determine the LHAr. Enter i 
the tables at the proper latitude and LHAr Read ! 
directly from the tables the name of the star and ; 
its computed altitude and azimuth. 

SELECTING BODIES FOR OBSERVATION 

Before going further into problems and 
tables, mention should be made of a few items 
concerned with selecting astronomical bodies 
for observation. 

Observing two heavenly bodies in , rapid 
succession is the most convenient method of 
finding two lines of position necessary to 
establish a fix. Noting three bodies gives 
three lines. These three lines define the fix 
more accurately (as in piloting). ' 

Accuracy of the fix established by intersect- 
ing lines of position depends largely on the 
angle between the lines. The nearer this 
angle approaches 90°, the more accurate 
is the fix. In figure 5-8 lines AB and XY 
intersect at 90°. The dotted lines show the 
effect of a 2-mile error in one or both sights, 
if only one line is in error, the position 
obtained is at the intersection of a full and 
a dotted line only 2 miles from the true 
position. If both lines are inaccurate, the maxi- 
mum error is only about 2.8 miles. 

Notice the difference in figure 5-9, where two 
lines intersect at only 30°. A 2-mile error in 
one line produces an error of about 4 miles in 
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Figure 5-8.— Error at a 00° intersection. 



then he takes a round of sights, each on* timed 
exactly. Resulting lines of position are advanced 
or retired the amount of the ship's run between 
the time of observation and the time of the 
desired fix. 

Figures 5-10 and 5-11 show you a couple of 
examples of plotting lines of position. Figure 
5-12 demonstrates that if the navigator of the 
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Figure 5-0.— Error at a 30* 



112.23 
intersection. 



the fix. Error caused by inaccuracy in both lines 
may be from 2. 2 to 8 miles, depending on the 
direction of the error. Lines intersecting at less 
than 30° should be avoided whenever possible. 

The ideal situation for lines of position 
established by observing three bodies would be 
one in which the bodies lie 120° apart in azimuth. 
An ideal fix using four bodies would include two 
north-south lines and two east-west lines of 
position to form a box. As already mentioned, 
lines perpendicular to the course are frequently 
valuable for checking the run; those parallel to it 
are helpftil in deciding the accuracy of the course 
made good. 

Concerning altitude, best results are obtained 
by observations of bodies whose altitudes are 
between 15° and 65° . In general, observations 
are taken from bodies whose altitudes are be- 
tween 10° and 80 V 

Actually, sights seldom are taken on two or 
more bodies simultaneously* Instead, the navi- 
gator decides which bodies he wants to observe, 



Figure 5-10.— Plotting a sun LOP. 
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Figure 5-11.— Plotting a star LOP. 
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Figure 5-12.— An LOP from several APs. 
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snh in figure 5-11 had assumed a different AP 9 
the nLOP still would have plotted in the same 
place$ the azimuth also should have remained 
practically the same. This knowledge enables 
navigators to use the same AP for more than one 
sight, thus reducing the required amount of 
tabular reference. 

In figure 5-13 you see how an 1800 LOP, 
obtained by observing Venus, was advanced to 
1815. Note that the 1800 line was plotted as a 
dashed line, then was drawn in solid after it was 
advanced. Also note that the advanced line 
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Figure 5-13.— Advancing an LOP. 

carries both the time of observation and the 
later time, which is equivalent to saying: "This 
line is an 1815 LOP, based on an observation 
made at 1800." Figure 5-14 shows you how 
another line of position, obtained by observation 
of Sirius at 1815, was intersected with the ad- 
vanced line to obtain a fix. 

i ■ 

LOP FROM CELESTIAL OBSERVATIONS 

You have seen how lines of position, obtained 
through bearing on terrestrial objects, are used 
to fix a ship's position in piloting. You know that 
a line of position is a locus of possible positions 
of the Ship. In other words, the ship's position 
must be somewhere along that line, A fix, by 
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Figure 5-14.— A fix by advancing an LOP. 



definition, is a relativ ely accurate determination 
of latitude and longitude. In practice, this 
position is the intersection of two or more lines 
of position; but often it is not the ship's exact 
position, because one can always assume some 
errors in observation, plotting, and the like. 

The celestial navigator must establish his 
lines of postion by applying the results of his 
observations of heavenly bodies. A line of 
position obtained at one time may be used at a 
later time. All you need to do is move the line 
paralled to itself, a distance equal to the run of 
the ship in the interim, and in the same direction 

the run. Such a line of position cannot be as 
accurate as a new line, because the amount and 
direction of its movement can be determined only 
by the usual DR methods. If two new lines cannot 
be obtained, however, an old line, advanced and 
intersected with a new one, may be the only 
possible way of establishing a fix. Naturally, the 
distance an old line may be advanced without a 
substantial loss of accuracy depends on how 
closely the run can be reckoned. 

In celestial navigation, as in piloting, you 
essentially are trying to establish the intersec- 
tion of two or more lines of position. A single 
observation is insufficient to obtain a fix. 

CIRCLES OF EQUAL ALTITUDE 

Observation of two bodies at the same time 
gives the navigator two circles of equal altitude. 
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The circles intersect each other at two points, 
and, because the ship is somewhere on each one 
of them, she must be at one or the other points of 
intersection. In figure 5-15, circles of equal 
altitude have been determined by observations of 
the stars AlphafdandRigel. The navigator of the 
ship in this example knows that he cannot be at 
the southern point of intersection, consequently 
the northern point, illustrated^ must be the fix. 
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. Figure 5-15.— Circles of equal altitude. 

LINE OF POSITION T ' 

It is neither practical nor necessary to plot 
the whole of a circle of equal altitude. The 
position is always known within 30 miles at the 
most— probably it is considerably less than that 
distance. Inside these limits, the curve of the arc 
of a circle of equal altitude is hardly perceptible, 
and the arc is plotted and regarded as a straight 
line. Such a line, comprising enough of the arc of 
a circle of equal altitude to cover the probable 
, limits of a position, is called a Sumner line of 
position or Just a line of position. 

Although a single line of position cannot 
establish a fix, it is (as mentioned earlier) a 
locus of possible positions of the ship. In modern 
celestial navigation, a line of position is 
determined by first locating an assumed position 



(AP) on the chart, drawing from it a line along 
the azimuth of the observed body, and intersect- 
ing that line with the LOP. The LOP is always 
perpendicular to the line of the azimuth. But that 
LOP is a single line of position, hence you still 
must plot another one intersecting it in order to 
obtain a true fix. 

Because the LOP is always at right angles to 
the line of the azimuth, it follows that when an 
observed body bears due east or west, the line of 
position coincides with a meridian of longitude. 
When the body bears due north or south, the line 
coincides with a parallel of latitude. That is why 
the ran is always observed at local apparent noon, 
when it is on the meridian, to determine the 
ship's latitude. It follows, too, that by observing 
a celestial body bearing dead ahead or dead 
astern, the navigator can establish a single line 
of position that will tell him whether the ship has 
overrun his DR position. Taking observations on 
an object abeam, he can discover whether he is 
right or left of his course line. 

INTERSECTING LINES 

The preferable method of establishing two 
lines of position is by observing two different 
bodies, although two lines may be obtained from 
the same body by observations taken at different 
times. As mentioned previously, the nearer the 
two lines approach a right angle to each other, 
the more accurate is the fix. 

When two lines are determined by observing 
the same body, the first line established is 
brought forward the distance run on the course 
steered. If a ship steams 27 miles on course 
315° between the first and second observations, 
for example, it is obvious that her position is on a 
line parallel with the first one established, but 
drawn 27 miles away (to scale) on the course 
line 315° . Intersection of the line established by 
the second observation with the advanced line of 
the first observation is a fix. The fix progres- 
sively decreases in accuracy, depending on how 
far the first line is advanced. It is not considered 
good practice to advance such aline for more 
than 5 hours of run. 



DETERMINING LINE OF POSITION 

You might be entitled to complain that much 
has been said concerning what a line of position 
tells you, but very little has been told about how 
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you determine it in the first place. We are 
coming to that part now. 

You probably have grasped the idea already 
that what you want to find out is which circle of 
equal altitude you are on, and what this altitude 
is. But you have seen that to draw such a circle 
you woultf need a chart covering an extensive 
area, unless the heavenly body's altitude ap- 
proached 90°. Consequently, you do not deter- 
mine the entire circle but merely a portion of its 
arc, 90 small that it is plotted and regarded as a 
straight line. 

Figure 5-16 illustrates the method used in 
establishing a single line of position by observing 
a star. An assumed position (AP) is selected 
according to certain requirements of conven- 
ience in calculating (described later). Observa- 
tion of a star provides sextant altitude (hs). 
Sextant altitude is then corrected to obtain 
observed altitude (Ho). The star's altitude from 
the assumed position (called the computed 
altitude (He)) and its azimuth angle are deter- 
mined from tables by a procedure you soon will 



learn. The azimuth angle is then converted 
to azimuth. 

After selecting an AP, draw the azimuth 
through the AP* Along the azimuth, measure off 
the altitude intercept (difference between the ob- 
served altitude and the computed altitude). At 
the end of this measurement, draw a perpen- 
dicular line, which is the LQP. 

You must know whether altitude intercept 
(a) should be measured from A? toward the star 
or from AP away from the star* (Frequently, the 
initials for Coast Guard Academy (CCA) are 
found to be helpful. If the computed altitude is 
greater than the observed altitude, altitude 
intercept (a) is measured away from the star. 
(In other words, applying the CGA memory aid 
you have computed, greater, away (or CGA).) 

Actual plotting of the line of position, then 
is as follows: 

1. Plot the AP (you already have taken your 
sight) and obtain the azimuth from tables. 
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2. Lay off the azimuth line from the AP 
toward or away from the body, depending on 
whether the observed altitude is greater or less 
than the computed altitude. 

3. Measure in the proper direction, along the 
azimuth line/the difference between the observed 
and the computed altitude in miles and tenths of 
miles. 

4. Draw a line at the extremity of altitude 
intercept (a), perpendicular to the azimuth line. 
At the time of observation this perpendicular is 
a line of position. 

5. Label the line of position with the time of 
observation and the name of the observed body. 

ADVANCING THE LOP 

Several methods maybe utilized to advance a 
line of position. The most frequent method 
consists simply of advancing the AP in the direc- 
tion of and for the distance of the run, as shown 
in figure 5-17, and drawing the new LOP. 




LOP that would have intersected the course 
line beyond the limits of the chart. In this 
illustrative case it is unnecessary to draw 
the first dashed construction on the chart. 

The manner of advancing lines of position 
from sights of the moon, Venus, and Sirius 
(previously illustrated) to obtain an 1815 fix 
is seen in figure 5-18. 
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Figure 5-17.— Advancing an LOP parallel 
to the course line. 



Figure 5-18.— A fix from several LOPs. 



Three lines of position by observation, like 
those obtained in piloting, dq not always intersect 
exactly. Quite often a triangle is formed. If 
one or more of the LOPs must be advanced, the 
triangle is likely to be larger. Frequently, the 
center of the triangle, is assumed to be the 
fix (see figs. 5-18 and 5-19). If, however, 
one or more lines have been advanced, more 
weight may be given to a line that has not been 
advanced, or to a line that the navigator has 
more confidence in (e.g., favoring a first 
magnitude star over a third magnitude star). 
In figure 5-18, note that the plots are made 
from three separate APs, using the same 
assumed latitude but different assumed longi- 
tudes. 



Figure 5-17 illustrates a situation where the 
AP was advanced paralled to the course line for 
the distance run, and a new LO P was plotted from 
its new position. The new LOP was necessary 
because the same AP would have produced an 



NOON SIGHT 

>* 

In Quartermaster 3 & 2 it is pointed out 
that the purpose of determining watch time of 
local apparent noon (LAN) is merely to enable 
you to arrive on the bridge within a few 
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Figure 5-10.— Enlargement of plot of 1815 fix. 



minutes of the time you should take your sight. 
Inasmuch as watch time of LAN is founded 
upon your DR longitude, it seldom coincides 
with the exact instant of transit of the sun when 
it is at its meridian altitude. 

Under most circumstances, there Is a period 
in which the change of altitude, as the sun 
approaches or recedes from the meridian, is 
too slight to be perceptible. With altitudes up to 
about 50° the sun may appear to "hang" for 
several minutes. With altitudes above 80° the 
change is much more perceptible. Tables 20 
and 30 in Bowditch give the exact rise and fall 
of the altitude, under various conditions, before 
and after LAN. 

^Meridian altitude of the sun is ascertained 
in* several ways. Three of these methods are 
discussed in the ensuing topics. 

FOLLOWING TO MAXIMUM ALTITUDE 

The oldest method of determining meridian 
altitude of the sun, and the one used most 
commonly, is known as following to maximum 
altitude. It is recommended because of its 
adaptability to various conditions, and because 
its use develops an insight into how the altitude 
varies near the time of apparent noon. 

At approximately 10 minutes before watch 
time of LAN, the observer contacts the sun's 
lower limb with the horizon in his sextant. He 
then swings the sextant from side to side, 
and adjusts it until the sun, seen moving 



in an arc, just touches the horizon at the lowest 
part of the arc. You doubtless recognize this 
procedure as swinging the arc, described earlier 
in this chapter. 

As the sun continues rising, a widening space 
appears between its lower limb and the horizon. 
By adjusting the tangent screw, the observer 
keeps this space closed, and maintains the sun 
in contact with the horizon. The change in 
altitude becomes slower and slower, until the 
sun "hangs." While it is hanging, the observer 
swings the sextant to make certain of accurate 
contact with the horizon. He continues his 
observation until the sun dips, which is a signal 
that the sun is beginning to lose altitude. The 
sextant then shows the maximum altitude 
attained. 

INSTANT OF TRANSIT 

The method of determining the exact instant 
of transit is explained by Dutton in connection 
with Todd's method of finding the interval to LAN. 
An observation taken at the exact instant of 
transit gives the maximum altitude. Under 
ordinary conditions, an error of 1 minute (more 
or less) does not affect the result. 

NUMEROUS SIGHTS 

The method of taking numerous sights is a 
modification of the maximum altitude method. 
It is useful wider conditions where heavy sea, 
clouds, and the like may make steady observation 
impossible. Well before watch time of LAN, the 
observer begins taking a series of altitudes. 
Their number depends on the difficulties of the 
situation and the possible error in computed 
time of transit. He reads off the altitudes to a 
recording assistant, turning the tangent screw 
slightly after each observation to ensure that the 
next altitude is an independent sight. Observa- 
tions are discontinued when the altitude definitely 1 
shows signs of decreasing. 

Under favorable conditions, even a series of 
skillfully taken observations may show an oc- 
casional erratic deviation from the normal 
gradual rise and fall. After sights showing a 
radical difference from the preceding or suc- 
ceeding series are discarded, however, the hang 
should become evident, and it should be possible 
to judge the maximum altitude. The figure 
selected will probably be less thap the altitude 
shown in one observation and more than that 
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next below it. The result should give latitude 
with? an error no more than l'. This reading is 
considerably more accurate than could be obtain- 
ed by a single sight under the conditions 
described. 



SOLVING ASTRONOMICAL TRIANGLE 

When you calculate and plot your line of 
position, you are, in effect, solving the astro- 
nomical triangle. Thirty-odd methods of arriv- 
ing at solutions have been devised since the 
first edition of Bowditch appeared in 1802. 
Although the methods may vary, two basic 
premises remain the same. 



however, are selected with reference to the 
GHA so as to produce an LHA in whole degrees. 
This value, in turn, gives a meridian angle (t) 
in whole degrees. Assume that the DR longitude 
actually is 157°32 # W., and the GHA of a star is 
196° 25. 2'. (The GHA of a star is determined by 
adding GHArto the SHA of the star.) 

You know that in west longitudes the assumed 
longitude is subtracted from the GHA to obtain 
LHA. To arrive at an LHA in whole degrees, 
then, it is necessary to alter the minutes and 
seconds of the assumed longitude as follows: 

GHA 196° 25.2' 

Assumed longitude 157° 25.2' W. (subtract) 

LHA 39 v 00.0 



1. A single observation gives only a single 
LOP, which is at right angles to the azimuth of 
the observed body. 

2. To establish the LOP, the observer must 
observe, time, and correct the altitude* From an 
almanac he then must determine either the 
declination and GHA of the observed body or the 
GHAr (depending on the sight reduction tables he 
plans to use). He then calculates either the 
meridian angle of the body or the LHAr. With 
these values he enters tables to find the azimuth 
and the altitude intercept. The principles on 
which the tables are based are the result of 
years of development in the science of navigation. 
In the Navy, most tables have been superseded 
in fayor of H.O. 214 or H.O. 249, which are 
described in this section. 

H.O. 214 METHOD 

The publication H.O. 214 is made up of nine 
volumes containing about 1 1/4 million solutions 
to the astronomical triangle. The tables are 
arranged so as to give tabulated altitude and 
azimuth angle by inspection. 

To work a sight with H.O. 214, you must 
enter the tables with the following three values: 

1. Assumed latitude (L) (to the nearest whole 
degree). 

2. Declination (d) (from Nautical Almanac or 
the Air Almanac) . 

3. Meridian anglilt) (called HA in H. 0. 214). 

The assumed longitude of your AP shpuld be 
the longitude that is closest to the DR longitude. 
The minutes and seconds of the longitude, 



In east longitudes the assumed longitude and 
GHA are added to obtain LHA. For an LHA in 
whole degrees, therefore, the minutes and 
seconds for an east longitude would be altered 
as follows: 

GHA 196°25.2' 

Assumed longitude. . . . 157°34.8' E (add) 
LHA 55T55 or 354° 

Examples of an observer in east longitude 
and of another in west longitude are shown in 
figures 5-20 and 5-21. These illustration are 
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Figure 5-20.— The LHA observed from 
east longitude. 
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Figure 5-21.— The LHA observed from 
west longitude. 



called time diagrams, and their use is helpful 
in resolving whether t is east or west of the 
meridian. This information must be known 
before the true azimuth can be computed. 
Merely by looking at the diagrams, it is obvious 
in both examples that the sun is east of the 
local meridian, and that t, consequently, must 
be marked E. 

Rules for determining the exact value of tare 
given later. To discover whether value t is east 
or west, it is necessary in each instance to draw 
a time diagram similar to those in figures 5-20 
and 5-21. First, draw a circle, and mark the 
counterclockwise direction westward. Drop from 
your zenith the perpendicular Mm, which is your 
local meridian. By means of the assumed longi- 
tude, locate the Greenwich meridian, and draw 
line Gg (tig. 5-21) so that the angle GPM equals 
your longitude. Next, locate the observed body on 
the circle by measuring from G, westward, the 
amount of the GHA obtained from the tables. Once 
the body is located, you can tell at a glance 
•whether it is east or west of the meridian. 

Exact Value of Meridian Angle 

You already know that in west longitude you 
subtract the assumed longitude from GHA to 
find LHA; in east longitude, you add them. 



In the first instance, if the longitude is greater 
than the GHA, add 360° to GHA before subtract- 
ing. If your result is greater than 360° in the 
second instance, subtract 360° from it. 

From the LHA you obtain the exact value of 
meridian angle t by the following rules: 

1. If the LHA is greater than 180°, subtract 
it from 360°, and the result is the meridian 
angle (t), which is east. 

2. If the LHA is less than 180°, then its value 
is the same as t, and is west. 

Using the Tables 

Now you have all the valuesyouneedto enter 
the tables and come out with the computed 
altitude and azimuth. You must remember, 
however, that the azimuth angle listed in the 
tables is not necessarily the true azimuth, that 
is, azimuth reckoned from north. In the form 
filled out in solving sights, the tabulated azimuth 
angle is referred to as Z, and the true azimuth 
as Zn. 

To find the true azimuth, you must know 
whether the latitude is N. or S., and whether t is 
E. or W. As soon as you solve for t, place the 
signs for latitude and t on a form thus: 

Z N . . . W. 
Zn . . . 

Insert between N. and W. the tabulated 
azimuth angle, Z. As used here, N. and W. are 
only examples. Depending on the situation, they 
might also be N. and E., S. andW., or S. and E.) 
at 0° latitude the azimuth angle takes the name 
of the declination; e.g., 000° W. To determine 
true azimuth (Zn), observe the following rules: 

L If the latitude is N. and the meridian 
jangle E., the true azimuth is the same as the 
tabulated azimuth angle; in other words, Zn 
is the same as Z. 

2. If the latitude is N. and the meridian 
angle W. , subtract Z from 360° to get Zn. 

3. If the latitude is S. and the meridian angle 
E., subtract Z from 180° to obtain Zn. 

4. If the latitude is S. and the meridian angle 
W., add Z to 180° to find Zn. 

Rules such as applied here are not easy to 
remember. Consequently, it is better each time 
to draw a diagram like that in figure 5-22, 
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Figure 5-22. -Finding Zn. 
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making it unnecessary for you to memorize the 
afore mentioned rules. Figure 5-22 represents 
a compass card, with only the . cardinal points 
indicated. You know that bearings are measured 
on toe card from N. clockwise through 360°. 

The tabulated azimuth angle (Z) - of star a, 
shown in the illustration, is N.45°W. With the 
star roughly in place on the circle, 45°W.of N. 9 
it is easy to see that Zn should be 360° minus 
45°. Or take star b, for which Z is S.20°E. 
Obviously, in this example, Zn would be 180° 
minus 20 V The other two situations covered by 
the rules solve Just as easily in the diagram. 

STEPS IN WORKING A SIGHT 

Summarizing what you have learned so far, 
you work a sight by the following steps: 



1. First, take the sight and record the time. 
You now have the name of the body, its sextant 
altitude, the date and watch time of the observa- 
tion, and the latitude and longitude of the DR 
position. 

2. From portions of the data in step 1, 
convert watch time of the sight to GMT. 

3. In the Nautical Almanac (or Air Almanac), 
enter the correct tables for the date, GMT, and 
the body observed, and find its declination (d) 
(and sidereal hour angle (SHA) if the body 
is a star). 

4. From special tables in the same publica- 
tion, correct the sextant altitude (hs) to observed 
altitude (Ho). 

5. Apply au assumed longitude to the GHA 
that is nearest the DR longitude and will result in 
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a whole number for LHA. From LHA, determine 
meridian angle (t). 

6. With meridian angle (t), assumed latitude 
(aL), and declination (d), enter the tables of 
H.O. 214 and find the computed altitude (He) and 
the azimuth angle (Z). 

7. Determine true azimuth (Zn), and draw 
the azimuth line through the AP. 

8. Determine the difference between He and 
Ho. This difference is the altitude intercept 
(a). Measure value a toward or away from the 
observed body, depending on the result of your 
application of the CGA formula, and draw a 
perpendicular to the azimuth line at its ex- 
tremity. The perpendicular is a line of position 
(LOP). 

H. O. 240 METHOD 

Use of Vol. I of H.0. 240 reduces considerably 
the number of steps required in working star 
sights. Originally intended for aviatQrs, H.O. 
240 is rapidly replacing H.O. 214 as the most 
popular sight reduction tables used by marine 
navigators. The table is designed for use with 
the Air Almanac . The Nautical Almanac may be 
used with only slight variations, however. 

In H.O. 240, stars are tabulated by name, 
eliminating the need for finding declination. 
Azimuths rather than azimuth angles are listed, 
making conversion unnecessary. Local hour 
angle of Aries (LHAi) is used instead of meridian 
angle (t), thus SHA need not be found or applied. 
Because of this tabular arrangement, fewer 
table entries and fewer mathematical steps are 
required than when using H.O. 214. 

Following are the steps necessary for de- 
termining an LOP by using H.O. 240. 

1. Make an accurately timed sextant obser- 
vation of a star previously selected from 
the tables and make the usual corrections 
to find Ho. 

2. Determine GHAt from the Air Almanac 
for the proper time. 

3. Apply assumed longitude to GHAt to de- 
termine LHAr. As with the H.O. 214 
method, LHAr must be the nearest whole 
degree (nearest even whole degree if in 
latitudes higher than 60°). 

4. Using DR position, enter the tables at the 
nearest whole degree of latitude. 

5. Extract the He and Zn listed under the 
name of the star and opposite the proper 
LHAr. 



6. Determine the difference between Ho and 
He, keeping in mind the memory aid CGA. 

7. Plot the line of position by using the Zn 
taken from the tables and the altitude 
intercept found in step 6. 

After two or more lines are plotted and the 
fix is determined, the accuracy of the position 
may be further refined by applying the precession 
and nutation correction found in table 5 of H.O. 
240. Instructions for using the correction are 
given in the tables and in Bowditch. Remember 
that this correction is applied to the fix itself— not 
to the individual altitudes. 



ASSISTING AT OBSERVATIONS 

Well before the time of an observation, the 
senior Quartermaster prepares the necessary 
instruments, tables, and diagrams. Then, by 
computing the chronometer error, he sets his 
comparing watch toGMT. Requisite instruments 
include the sextant (properly focused and with 
mirrors and glasses clean) and possibly the 
azimuth circles, mounted on the pelorus if it is 
to be used in locating a star. Essential tables 
and diagrams include the Nautical Almanac or the 
Air Almanac , the star finder if it's a star sight, 
and H.O. 240 or 214, depending on the preference 
of the officer taking the sight. 

Taking star sights usually begins 45 minutes 
before sunrise and 15 minutes after sunset. The 
Quartermaster on watch in the evening computes 
the time of the next morning's sunrise and 
notifies the navigator so that he will know the 
time he should be called. Likewise, the quarter- 
master on watch in the afternoon computes the 
time of sunset so that the navigator will know 
when he must take his evening sights. The senior 
QM must determine the time of sunrise and 
sunset if that job is not delegated to the QM of 
the watch. Bearing and altitude at which principal 
stars may be picked up at the time of observation 
must be predetermined by the Quartermaster 
because, if the sky becomes overcast, stars may 
be visible for only a short time. 

The Quartermaster on watch in the forenoon 
must find out, or obtain from the navigator, the 
time of LAN, so that he may have all the 
necessary gear ready for the noon sights, 
which normally begin about 15 minutes before 
LAN. He must have a flashlight available 
for reading the sextant at night. During ac- 
tual observation, the QM must be ready to 
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mark; the time the instant the navigator calls 
"Mark!" Often during cloudy weather the 
navigator doesn't have time to give the order 
"Stand by!" 

At the navigator's signal, the Quartermaster 
notes the watch time and writes it in the. 
sight book. Beside this entry he records 
the sextant altitude as read off to him by the 
navigator, and the name of the body observed, 
if it is known at that time. If unknown, the 
azimuth is taken at the instant of observation and 
entered in the sight book, so that the body may be 
identified from tables or the star finder. Azi- 
muths for identification purposes need not be as 



accurate as those used in determining compass 
error. 

Entries in the navigator's workbook are 
vimilar to those shown in figure 5-23* Reference 
to that form reveals the previously described 
steps necessary for working a star sight. Two 
stars, Altair and Antares, are used in the 
illustration. The two left columns show compu- 
tations using the Nautical Almanac andH.0. 214. 
The other two columns show we same stars 
using the Air Almanac andH.0. 240. Note that in 
the H.O. 240 solutions the comparing watch was 
set to GMT so that it was unnecessary to compute 
CW. It can be seen at a glance that fewer steps 
were required in the H.O. 240 method. 
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MULTIPLE SIGHT FORM 
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Figure 5-23.— Sight reduction by H.O. 214 and H.O. 249. 
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CHAPTER 6 

ASSISTING THE OOD AND SHIP HANDLING 



As a First Class or Chief Quartermaster, you 
are eligible for assignment to virtually any type 
of naval vessel. Aboard ship you may be given 
watches as OOD or JOOD, You could be assign- 
ed to a tugboat, patrol boat, or other yard or 
district-type craft where you would be petty 
officer in charge. 

Both the OOD/JOOD watches and PO in charge 
of a craft are positions of high responsibility and 
authority. It is the intent of this chapter to ac- 
quaint you with some of the duties and responsi- 
bilities inherent in these Jobs. 



OFFICER OF THE DECK 

The officer of the deck (OOD) is toe officer 
on watch designated by the commanding* officer 
to be in charge of the ship. The OOD is respon- 
sible for the safety of the ship and for the per- 
formance of the duties prescribed in Navy Reg- 
ulations and by the ship's commanding officer. 

Some of the duties of the OOD are applicable 
only while the ship is underway, others only in 
port, and still others whether underway or in 
port Given in the ensuing paragraphs are some 
of the duties' prescribed by Navy Regulations, 
For a more complete description of the OOD 1 8 
duties, you should consult that publication and 
your ship' s standing orders. 

The officer of the deck mustke ep himself in- 
formed concerning currect operating plans and 
orders, as well as the intentions of the officer in 
tactical command. Additionally, the OOD must 
carry out the established routine and any special 
orders for the ship, following (as practicable) the 
motions of the senior officer present , f , 

When underway^ the officer of the deck may 
not change course or speed except as prescribed 
by Navy Regulations or as authorized by the 
commanding officer, £ Two specific occasions 



listed in Navy Regulations in which the OOD may 
change course without prior permission of the 
commanding officer are: (1) when necessary to 
avoid collision or immediate danger, and (2) 
when selecting a safe course to steer, based on 
the advice of the navigator. In either of these 
events, however, prompt notification must be 
given the commanding officer that a change has 
been made. 

When at sea, the officer of the deck must keep 
himself informed of the position of the ship and of 
all other particulars that may be of use in keep- 
ing the ship out of danger. He must be thorough- 
ly familiar with the laws to pre vent collision and 
must comply strictly with those laws. He must 
ensure that the ship is skillfully steered, and, 
when information, that proper station is main- 
tained. 

When visibility is restricted, as by fog, r v ain, 
or falling snow, the OOD must have additional 
lookouts posted as required by circumstances. 
He must also ensure, by frequent checks and 
reports, that the lights required by the Rules of 
t he Road are kept burning from sunset till 
sunrise. 

The OOD is responsible for having frequent 
inspections made of watertight integrity, condi- 
tion of armament, condition of ground tackle or 
mooring lines in use, good order and discipline 
of the crew, ship's boats, and any matter or 
circumstance that might affect the safety or 
operation of the ship. These inspections must 
be made and reported to the OOD either by a 
watch established for that purpose or by a mem- 
ber of the OOp swatch crew. ; 

Other duties and responsibilities assigned to 
the OOP by Navy Regulations include taking 
necessary action to prevent accidentia; control- 
ling signals sent out from the ship; loading and 
unloading of the ship's boats; tending the side; 
rendering salutes; honors, and ceremonies; 
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making prescribed reports to the commanding 
officer; and keeping the deck log, 

JUNIOR OFFICER OF THE DECK 

The Junior officer of the deck (JOOD) is the 
principal assistant to the OOD. Routine matters 
that occur on watch may be handled by the JOOD. 
Frequently, the JOOD is in training to become a 
qualified OOD; accordingly, he may be assigned 
by the OOD to any duty that the OOD normally 
would perform. Any JOOD, in anticipation of 
assuming those duties himself, is well advised to 
learn as much as he can about the OOD" s duties. 

In the following topics concerning the OOD, 
remember that the information applies equally 
to the JOOD whenever he has been assigned the 
particular duty under discussion, 

THE OOD UNDERWAY 

Under ordinary circumstances the OOD 
underway concerns himself with carrying out the 
ship 9 s routine. This routine usually is spelled out 
in the- ship 1 s organization and regulations 
manual/ standing orders, captain's night order 
book, tod the ship 1 s plan of the day. Normally, 
the ship 1 s organization and regulations manual 
and the standing orders contain standardized 
-procedures. Basic changes to these instructions 
s are relatively infrequent The plan of the day, 
published daily by the executive officer/ lists 
specific times and events that are to take place 
during the day. These events maybe in addition 
to the normal routine outlined in the ship's 
organization and regulations manual or they may 
be in contravention to it 

The captain's night order book is written by 
the commandiing officer near the, close of each 
day. In it he describes the expected general 
situation for that ; night and lists any special 
orders that apply to the night watches. Before 
assuming their respective .watches the OOD, 
JOOD, and CIC watch officer are required to 
read and initial the current night orders. Other 
personnel may be / required to reaa the night 
orders so tfyft the m aximum number of personnel 
' on ■ r^wate^ apjprisedf of the operating 

Formations 

It is not unusual for naval ships to steam in 



proceed together from one locality to another. 
For mutual protection and to reduce the risk of 
collision, these ships usually arrange them- 
selves in a "formation/ 1 Numerous types of 
formations exist, including column and line 
formations, replenishment formations, surface 
action formations, and miscellaneous forma- 
tions. In general, the type of formation chosen 
by the OTC for a group of ships depends on the 
number and classes of ships participating and 
on the type of operation being performed. Types 
of formations, numbering systems, and informa- 
tion concerning the stations in a particular 
formation are given in ATP 1(A), Vol. I, 

Station Keeping 

Regardless of the type of formation being 
maintained, each participating ship has her own 
definite position with respect to the guide and to 
other ships in the formation. Inasmuch as ships 
react differently to such conditions as wind, cur- 
rent, rudder drag, and water resistance, ships 
that are theoretically steaming on exactly the 
same course and speed will not indefinitely retain 
their positions relative to each other. The guide 
assumes the course and speed designated by the 
OTC, and other ships retain their positions by 
what is known as station keeping. Because a 
station is located by its bearing and range from 
the guide, the basis of good station keeping is the 
continuous and accurate determination of the 
guide' s range and bearing. Risk of collision is 
always a threat when ships are in formation, 
consequently the importance of exact station 
keeping cannot be overemphasized. 

Insofar as bearing is concerned, three situa- 
tions may exist: a ship may be in line (column) 
with the guide, te., directly ahead or astern of 
the guide; she may be abreast of the guide, te,, 
directly on one or the other of the guide 1 s beams; 
or she must be on a bearing other than in line or 
abreast In each of the situations, different rules 
apply for keeping ships on station. These rules 
are discussed' later in this chapter, but first, 
s6me basic information on stations is given, 

• Bearings prescribed for the type of formation 
or by specific signal aire reckoned either true or 
» relative from tte g^ Forashipthat is keep- 
ing station on the guide, the prescribed bearing 
from the guide is converted (by use of a maneu- 
vering board and known gyro error) to bearing 
am* the reciprocal of this 
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bearing is used continuously to check 
position. 

• Range prescribed in a particular formation 
is the distance to be maintainedbetween the guide 
and each ship of the formation. Range is checked 
repeatedly, using either a stadimeter (in clear 
daylight) or radar (during reduced visibility and 
at night). Radar ranges may also be used in clear 
daylight, particularly if the range is great 

• Courses and speeds are included in the opera- 
tion order; or they are signaled. As mentioned 
before, the guide assumes the signaled course 
and speed. Individual ships must make adjust- 
ments in their courses to correspond to the 
guide 9 s. Numbers Qf revolutions for various 
speeds may be found in the engine revolution 
table, but numbers of turns must be altered to 
suit the circumstances. 

• H is much easier to maintain a refisonably 
accurate station than to regain position after 
losing it It is better, therefore, to make imme- 
diate, small changes of course and speed tocor- 
rect position than to wait until position error is 
so great that radical changes are required. 

When a ship is in line with the guide (either 
directly ahead or astern) station keeping is rela- 
tively simple. Distance is adjusted by changing 
own ship 9 s speed. Bearing is adjusted by alter- 
ing own ship's course. 

When in a line abreast (directly abeam) of the 
guide, distance is adjusted by changing own ship 9 s 
course; Bearing is adjusted by changing own 
ship 9 s speed. In this situation a course change 
will have a slight effect on bearing; tf speed 
change will have a slight effect on distance; 
These effects usually are so small as to.be negli- 
gible. If, however, they become appreciable, they 
may be corrected by using a combination of 
course and speed changes. (In this situation, a 
maneuvering board solution may be advanta- 
geous.) 

Adjusting bearing or range is somewhat more 
complex when the station is neither directly 
ahead or Astern nor abeam of the guide, because 
a combination of course' and sipeed changes usu- 
ally is necessary ^tq adjust ^either bearing or 
range. A keen understaj^^ 
ment and the ability to visualize the ship' s situa- 
tion are essential to this ^pe of station keeping. 

TuroingTaway f rpm thie guide usually opens 
the range, * but the effect on bearing, depends, on 
whether the: ship is to port orrstarbbard of the 



guide and whether forward or abaft the beam. 
Figure 6-1 shows ships in various positions 
relative to the guide. The arrows indicate the 
effects of a 20° course change with no change in 
speed. Note that a different result in -range and 
bearing is obtained from each relative position. 
(It will probably never be necessary to change 
course 20° solely to maintain station. In figure 
6-1, 20° is used only for illustrative purposes.) 
As can be seen, a speed change is needed to offset 
each course change. The situation is similar 
when speed is changed; then, each speed change 
must be offset by a course change. 

Formation Diagram 

Maneuvering board problems in change of 
station And closest point of approach (CPA) are 
described in Quartermaster 3 & 2. The problems 
in that training course deal exclusively with a 
guide (or target) and one other ship. Formations, 
on the other hand, usually are composed of a guide 
and several other ships. The methods of changing 
station when numerous ships are involved are the 
same as when only one ship must maneuver, ex- 
cept that when more than one ship is maneuver- 
ing, each must avoid risk of collision with the 
others. 

In plotting formations on a formation dia- 
gram, the position of the guide usually is plotted 
first Ranges and bearings of other stations are 
plotted from the guide. . ' 1 

In circular formations, the station in the cen- 
ter is called station zero.; Circles (on the status 
board or maneuvering board) are numbered con- 
secutively ' outward from the center. Unless 
otherwise ordered, circle spacing is 1000 yards. 
Thus, a circle of radius 5000 yards is known as 
circle 5; one of 5200 yards, as circle 5.2. The 
location of a station is described by the number 
of the circle on which it lies, followed by its 
direction, relative to the axis) measured clock- 
wise from 000° to 359°. (The axis is the true 
bearing from the center around which aformatton 
is oriented. It may or may not coincide with the 
formation course. An examble of a stationdesig- 
natton is station 2 A; 4.5090. In this example, 
station 2 A would be plotted 4500 yards (to scale) 
from the center of the circle, 90° clockwise from 
the : 'a3ds.---^';.,^^''^j...:.-, 

Formations may be plotted with station zero 
or the guide in the center, or with own ship in the 
center as it would ordinarily appear on a PPI 
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Figure 8«*l>Re«ult of course change in station keeping. 
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scope. Figure 6-?2 is an example of a formation 
diag^ with istatiOT 

6-3 shows i the same formation on^a status board 



Preparations for Entering Port 

•^The-'bOb directs ' 

that entry plans be made suitably in advance. 
Entry plans differ! depending on whether the ship 
intends to « anchor, jnobr alongsiiie a pier or 

or merely lie to 



iwinsp&ttffi^ !• ^ S a buoy, 
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2. Ensures that appropriate radio circuits 
, are up; establishes communicat ons with 
port control; and obtains permission to 

; 3. Direct die and other 

„* : refuse that should be thrown over board. 

lowering! 

with running lights ready! if necessary. 
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Figure 6-3.-Formatlon plotted on a status board. 
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5. Stations the special sea and anchor de- 
tail. ; :- r ,v 

6. Makfes sure that ground tackle and fore- 
castle are prepared for anchoring, moor- 

dock, II the ship Is going: alongside, airf 



orders lines, fenders, heaving lines, 
and line-throwing guns prepared on that 
, side. 

8. Instruct* that accomodation ladders and 
booms be rigged and prepared for going 
out immediately upon anchoring. 
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0. Orders batteries, searchlights, booms, 
cranes, and other equipment not in use, 
secured in the prescribed position for 
entering port 

10. Ensures that boat covers, hatch covers, 
awnings, and other canvas are stowed 
properly, and that slack rigging is hauled 
taut 

11. Directs that the boatswain's mate of the 
watch pipe down all bedding and see that 
nothing is hanging over the side or 
dangling on the lifelines. 

12. Passes the word for the crew to shift into 
the uniform of the day. Personnel not 
working are sent to quarters in advance of 
time of arrival. 

13. Directs preparations for rendering hon- 
ors, as necessary. - . 

1.4. Stations details at the colors for return-^ 
ing salutes, shifting colors, and hoisting 
the Jack upon anchoring or mooring. If 
entering port at night, stations detail 
ready to turn on anchor lights. 

15. Ascertains that working parties, stew- 
ards mail orderlies, and others who are to 
leave the ship upon anchoring, are ready 
to depart immediately. 

THE OOD IN PORT 

The OOD in port is no less responsible for * 
the safety and operation at the ship than when 
underway. Because the ship in port is not so 
likely (as at sea) to encounter danger from 
grounding, collision, weather hazards, and the 
like, the commanding officer is able to choose 
OODs f rom a wider variety of personnel. Depend- 
ing on the type of ship, enlisted personnel $uid/or 
Marine officers maybe assigned to OOD watches. 
As with the OOD underway, the in-port OOD is 
charged with the responsibility of having the j 
ship's routine carried out Before assuming the 
watch, he should make himself aware of the 
following specific items: 

1. Anchor in use and scope of chain. 

,, 2. Depth of water and condition of the chain 
in the hawse. 

3. If alongside, what' lines are in use. 

4. Anchorage bearings. 

5. Weather conditions to be expected, and 
preparations to be made, 

6. State of tide, • • 

. ?• Boiler and auxiliaries in use. 
8. Sebibr officer present afloat, and other 



0. Location of flag officer (if any), captain, 
executive officer, and department heads. 

• 10. Senior officer aboard and senior duty 
officer. 

11. Boats in the water and their location; boat 
officers available. 

12. Absentee, prisoner, and duty lists. 

13. Appearance of ship. 

14. Orders for the day and special orders. 

15. Liberty section, time of expiration of 
liberty, and number of men ashore. 

16. Guardship. 

17. Status of planes. 

18. Work or drills in progress or scheduled. 
10. Visitors on board or expected, and the 

orders concerning same. 

20. Workmen on board, if any. 

21. If at night, the ready lifeboat designated 
and the anchor watch morning orders. 

22. Boat schedule. 

During his watch, the OOD must keep himself 
apprised of the items in the foregoing listing, 
updating the information as appropriate. He is 
then responsible for "the safety and security of 
the ship; safety of personnel, boats, planes, and 
other material; readiness of the ship for duty; 
smart appearance of ship, boats, and crew; and 
comfort of crew. 

Getting Underway 

A typical checkoff list from a ship's organi- 
zation book gives you a good idea of the duties of 
the OOD in getting underway. In general, he 
must— 

1. Notify department heads. 

2. Pass the word: M all hands make prepara- 
tions fQr getting underway at -(time)". 

3. Order the word passed: "Set material 

condition \ — (appropriate material 

condition)." 

4. Make certain that all boats, mail clerics, 
stewards, etc, have returned or have 
been notified to return to the ship. Make 
the general recall signal, if necessary. 

5. Direct that boats be hoisted in. (The 
last boat is to be aboard approximately 
15 minutes before getting underway. Per- 
mission to pick up last boat should be 
obtained from the executive officer.) 

6. Station the special sea detail 3d minutes 
before getting underway. Order all hands 
to change into uniform of the day before 
setting the sea de^^ 
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7. Order boat booms and ladders hoisted 
aboard. 

8. Ascertain that the persons responsible 
test the steering gear, engineroom tele- 
graph, telephone circuits, and other ship 
control equipment Obtain permission 
from commanding officer to test the main 
engines* 

0. Ensure that all department heads have 
made readiness reports for getting under- 
way 20 minutes before sailing time* 
10. Shift the watch from quarterdeck to 
bridge* 

11* Ensure that the required number of 
boilers are in use* 

12. Report immediately to the executive 
officer or commanding officer any delay 
in getting underway. Report readiness 
for getting underway to the executive 
officer who, in turn, reports readiness 
to the CO. 

13. Ascertain, if at night, that searchlights 
are manned and ready for use. 

14. Ensure that all service connections are 
broken from the pier and other ships. 

15. Test the whistle (if SOPA regulations 
permit and permission is obtained from 
the commanding officer). 

SHIP HANDLING 

Ship handling, like most phases of seaman- 
ship, can be learned thoroughly only through 
experience. Your duties as OOD/JOOD under- 
way—but more especially as petty officer in 
charge of a craft of considerable size— probably 
will require an extensive amount of ship handling. 

Yard craft usually are single-screw vessels, 
which are more difficult to maneuver than are 
twin-screw ships of comparable size. Many of 
the advantages of twin-screw ships are not pres- 
ent in single-screw ships; for example, by back- 
ing down on one screw and going ahead on the 
other, a twin-screw ship can maneuver in a small 
space. For the foregoing reasons, the following 
discussion applies to single-screw ships. Re- 
member, however, that the same operations and 
maneuvers can be performed with greater ease 
with a twin-scr^ 

SHIP* S PHYSICAL CHARACTERISTICS 

/ . A new skipper should be enthusiastic about 
his billet (and the petty off icer in charge of a 



district craft is in essence that craft's skipper). 
He should be interested in learning everything 
he can about his ship; in fact he should know 
more about the ship than any man on board. 
Many details in which a new skipper is interest- 
ed—such as material condition, personnel, logs, 
and records— are not too closely allied with ship 
handling. A wealth of material is available, 
however, in a ship's characteristic cards, dam- 
age control books, and the like. When the newly 
assigned PO in charge makes his first inspec- 
tion, he should take along the ship's blueprints. 
They will be a help in becoming oriented. 
Some of the more important characteristics 
the PO in charge must learn about his ship 
follow. 

1. Dimensions: The reason for ascertain- 
ing a ship's overall length and beam is to 
know the minimum dimensions of the berth 
she requires. Besides, if she's a tug or other 
type that frequently goes alongside large ships, 
the height of masts must be known to tell how 
high the ship's oyerhang must be for the craft 
to fit under it 

2. Draft at various loadings: Draft deter- 
mines minimum depth of water a ship may safe- 
ly navigate, and the load stability condition at 
all times. 

3. Freight and passenger capacity: For 
freight, this information is necessary to ensure 
that the vessel is not overloaded, that she is 
full and down but with no list, sagging, or hog- 
ging, and that she has the desired trim and 
stability. * Passenger capacity for ship type is 
decided by higher authority, based on adequacy 
of messing and berthing facilities, 

4. Main engines— a. Capability: Capabil- 
ity includes maximum speed, best cruising 
speed, , economical cruising speed, maximum 
backing power, and maximum propeller line 
pull. A skipper should also know the time re- 
quired and power necessary for stopping his 
vessel from any given speed. Acceleration and 
deceleration time rates, in tabular form, should 
be available for his use on the bridge. 

b. Engine controls: The PO in charge should 
have accurate knowledge of the location and op- 
eration of all types of engine controls and all 
means of communication between engineroom 
personnel and himself, as conning officer. 

c. Logistics: He should know the capac- 
ities of various fuel tanks— crude, diesel, gaso- 
line, or any combination that may be installed. 
This information is vital in computing cruising 
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radius and In damage control or preparing for 
heavy weather when it may be necessary to bal- 
last or shift fuel. 

5. Rudder: He should know the space re- 
quired for a turn at various speeds, which in- 
volves knowing the turning effect of the rudder 
at various angles. 

Much can be learned about the aforemen- 
tioned ship characteristics by questioning tfye 
skipper being relieved. From him can also be 
learned any characteristic of the ship that miy 
be a departure from the norm—such as tendency 
to shee£ in the wind, cranky steering at cer- 
tain speeds, or sluggish answering of the rudder. 

MANEUVERING CHARACTERISTICS 

i 

Before delving into the mechanics of ship 
handling, it is necessary to understand the 
forces that act on a ship under various speed 
and rudder angle conditions. If .aw&re of these 
maneuvering characteristics, a stiip handler can 
compensate for undesirable* effectp and utilize 
helpful effects advantageously; .Without knowl- 
edge of these forces, ship handling frt best would 
be a t'rial-and-error procedure. 
* i' 

FORCE FACTORS 

It is beyond the scope of this training course 
to discuss hydrodynamic principles; Experts are 
not in complete agreement among themselves 
why f drees created by a ship 9 s propeller and rud- 
der react as they do on the ship. They do agree, 
however, that forces so generated result from 
pressure differences. To understand how these 
pressure 'differences occur, consider the fol- 
lowing definitions. 

e Dynamic pressure: For all practical pur- 
poses, water is incompressible. If force is . 
applied to "water, thereby causing high pressure, 
water flows to a'lowjer pressure area, producing 
a force known as dynamic pressure. 

• Propeller thrust: - High-and low-pressure 
areas beneath a styp are created by propeller 
and' rudder. Ai a propeller revolves to go for- 
ward, the shape and pitch of each blade develop 
a thrust derived from a low-pressure area on the 
forward face of the blades and a high-pressure 
area on their after face. As the ship moves in 
the direction toward the low-pressure area, the . 
force set up by this displacement of water is 
transmitted along the propeller shaft to thru st 



the ship ahead or astern. This force is known 
as propeller thrust. 

e Rudder force: The rudder exerts its force in 
somewhat similar fashion to propeller thrust 
When the rudder is set at an angle on a moving 
ship, a high-pressure area is built up on the 
leading surface, And a low-pressure area forms 
on the trailing surface. Through this difference 
in pressure areas, the water exerts a force 
against the leading surface of the rudder. In 
turn, the rudder forces the stern in the direction 
opposite that to which the rudder is set. This 
force is known as rudder force. 

SIDE FORCE AND SCREW CURRENT.-Be- 
f ore discussing screw and rudder combinations 
and how they affect a ship, some additional force 
factors must be understood. 

• Side force: In maneuvering a single-screw 
ship, side force ranks next in importance to pro- 
peller thrust " Sfde force is defined as a force 
that moves (walks) the stern of a ship to one 
side or the other; The causes of side force 
are somewhat involved. All that a conning of- 
ficer need? to know is that, as a result of the 
rotating propeller, a force is created moving 
the stern of the ship in the direction of propel- 
ler rotation. The effect is as though the lower 
blades of the propeller were touching the bottom 
and pushing the stern to the side. (See fig. 6-4.) 
Side force is at its maximum when the ship is 
dead in the water. It decreases rapidly with an 
increase in ship speed. Likewise, side force is 
greater when the ship is backing than when mov- 
ing ahead. — 

• Screw current: Screw current, caused by ac- 
tion of a rotating propeller, consists of two parts. 
The portion flowing into the propeller is the 
suction current; that flowing away from the pro- 
peller is the discharge current. Suction current 
is a relatively minor force in ship handling. 
Discharge current is a major force in ship handl- 
ing in two main respects. First, it produces a 
large force on the rudder with the screw going 
ahead. Second, because of the part of the dis- 
charge current that acts against the ship's coun- 
ter, it is a strong component of side force when 
the screw is backing. 

Turning Circle 

. A ship's turning circle is the path described 
by the ship in completing a full 360° turn with a 
constant rudder angle. Such a turn is illustrated 
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Figure 6-4.-8ide force. 



In figure 6-5. The diameter of the turning circle 
decreases with any increase in rudder angle. 
High speed also has noticeable effect on turning 
circle, the amount of change depending on the 
ratio of spead to the square root of the length of 
the ship. The greater the ratio, the greater is 
the diameter of the turning circle. Small changes 
in speedy however, do not significantly alter the 
diameter. The following definitions relate to 
various aspects of the turning circle. 

• Advance: Distance gained toward the direc- 
tion of the original course after the rudder is 
put over. ■ 

• Transfer: Distance gained at right angles to 
the original course when turning. Figure 6-5 
shows transfer for a 90° turn. For a 180? turn, 
transfer equals tactical diameter. 

• Tactical diameter: Perpendicular distance 
between the path of a ship on her original course 
and the path of a ship ^en-a : 180° turn is com- 
pleted with a constant rudder angle. , 

• Standard rudder: Rudder, angle necessary to 
turn a ship in a preserved tactical diameter. 

• Final diameter:* Diameter of a circle ulti- 

"ImiKtely 

with at constat rudder angle, k ^ - 
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Figure 6-5.— Turning circle. 58.71 



• Drift angle: Angle at any point on a turning 
circle between intersection of the tangent at that 
point and a ship's keel line. 

• Kick: (1) Swirl of water toward the inside 
of a turn when rudder is put over. (2) The mo- 
mentary movement of ship's stern toward the 
side opposite the direction of turn. 

• Pivot point: (1) The point of the centerline 
about which a ship pivots when rudder is put 
over. (2) It may also be the point of a ship upon 
which she turns and which scribes the turning 
circle. r 

MAKING A TURNING CIRCLE.-When the 
rudder is put over in making a turn, the stern 
is forced away from the direction of the turn. 
For several lengths, because of momentum, the 
ship turns very slowley from her original course. 
She then commences to gain ground in the new 
direction, while moving sidewise through the 
water. This movement naturally results in loss 
of speed. Because of speed loss when a column 
turn is made, a vessel gains rapidly on the ship 
ahead while that ship is turning, but loses this 
distance during her own turn when the first ship 
completes her turn and steadies on her new 

^ A ship' s pivot point . is nearly always about 
one-third the ship's length abaft her bow when 
'i moving khead, and at; o when 
moving astern; Location of a pivot point varies 
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with ship's speed. An increase in speed shifts 
the pivoting point in the direction of ship move- 
ment In close waters, the conning officer must 
always bear in mind the position of his pivot 
point before starting a turn. This position is 
especially important when moving ahead, in or- 
der to prevent the stern from swinging to an 
undesirable location. 

Rudder Effect 

Basically, a ship's rudder is used to attain 
or maintain a desired heading. Force neces- 
sary to accomplish this heading is created by 
dynamic pressure against the flat surface of 
the rudder. Magnitude of this force, as well 
as the direction and degree to which it is ap- 
plied, produces the rudder effect that controls 
stern movement and, through it, ship's heading. 
Factors that have a bearing on rudder effect in- 
clude rudder size, rudder angle, headway, stern- 
way, propeller direction, suction current, dis- 
charge current, and side force. As can be seen, 
the degree of each factor and the possible com- 
binations are virtually limitless. 



FUNDAMENTALS OF SHIP HANDLING 

To better understand the effect of various 
rudder and screw combinations upon a ship, 
assume these ideal ship-handling conditions: 
no wind, no current, no tide, plenty of sea 
room, and no interference from other vessels. 
Further assume that the ship being conned is 
a YO with a single rudder and single right- 
handed screw (turns clockwise going ahead). 

Going Ahead l> — > 

: ' In Spins ahead from a stopped position, the 
first noticeable effect is that the ship's stern 
swings to starboard because of side force. To 
counteract this swing, right rudder' is 'applied, 
forcing the discharge current against the rudder 
surface. As the ship gathers headway from pro- 
peller thrust, the ship reaches a speed where the 
wake current overcomes side force to a great ex- 
tent, and right rudder may be removed. Now the 
ship will continue straig^ • 
well to either left or right rudder. Rudder effect 
is obtained from action against ^the < rudder sur- 
face of both the dynamic pressure < of, the dis- 
chs~*e current and the pressure . of the water 
# which the ship is moving. >1 < y v 



With the ship going ahead at a good speed, 
suppose the conning officer wants to stop. The 
screw is bacted. Propeller thrust is in direct 
opposition to the forward motion of the ship, 
causing her to start slowing. Side force and part 
of the discharge current tend to force the stern 
to port This direction of movement can be com- 
pensated for by left rudder so long as the ship 
has sufficient forward motion to retain steering 
effect As forward motion is reduced, however, 
steering effect is reduced to zero. Furthermore, 
'* side force and that part of the discharge current 
acting against the ship's counter cause the stern 
to swing to port This trend can be compen- 
sated for partially by shifting to right rudder 
to take advantage of the force of the suction 
screw current acting against the rudder sur- 
face. 

Backing Down 

Backing down in a straight line with a single- 
screw ship is virtually impossible without al- 
ternating the direction of the screw and the pos- 
ition of the rudder. 

In going astern from a stopped position, the 
stern swings to port because of side force and a 
portion of the discharge current This force 
cannot be counteracted, even with full right rud- 
der, because the suction current acting against 
the rudder surface is a relatively weak force. 
As the ship gathers, sternway, the water through 
which the ship is moving acts against the rudder 
surface, augmenting suction current force; This 
force slows, but probably will not stop, the 
stern' s continued swing to port The best way 
to straighten out is to go ahead on the screw and, 
as discharge current builds up, shift rudder to 
1 left full. 

Two forces now are working to stop port swing 
and bring the ship to her proper heading. These 
forces are side force and the discharge current 
acting against the rudder surface. When the 
heading of the ship is satisfactory, "continue the 
backing procedure used initially. 

. Casting V* 

Casting is the maneuver that often arises 
wherein ship's heading must be alter ed radical- 
ly without allowing any appreciable change in her 
initial; position. Casting is referred to also as 
turning short, twisting, ship, turning her on her 
; pivot point, and by. other terms. All these . terms 
have the same meaning. ; , r ^ . > „ 
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The rudder- screw combination employed de- 
pends on the direction chosen to turn the ship; 
the shortest arc ct turn Is the simplest and quick- 
est The key to this maneuver is to apply all 
available forces to start the stern swinging be- 
fore the ship gathers headway or sternway. If 
desired to pivot the ship to a heading on the port 
side, go ahead on the screw with full left rodder* 
Side force and discharge current acting against 
the rudder surface force the stern to swing rap- 
idly to starboard before propeller thrust imparts 
forward motion to the ship. When the ship starts 
to gain headway, back the screw and shift the rod- 
den Side force from the backing screw slows the 
stern 1 s swing, but this action is unavoidable. To 
remain in the ship's initial area, take way off the 
ship. When forward motion stops completely, 
go ahead on the screw and shift rudder to 
left full. Repeat these screw- rudder combi- 
nations until the ship is on the desired 
heading, 

A pivot to starboard is accomplished by a 
different sequence of screw-rudder combina- 
tions. Start the maneuver by backing the screw 
with full left rudder. Side force and suction 
current against the rudder surface start the 
stern swinging rapidly to port. As the ship gath- 
ers sternway, shift rudder and go ahead on the 
screw. Repeat these screw- rudder combina- 
tions until the ship is on her desired heading. 
With a single-screw ship, it is easier and 
quicker to cast to starboard than to port. 

Going Alongside 

From the foregoing descriptions of handling 
a single-screw ship using various rudder-screw 
combinations, a conning officer should have a 
good idea what to expect of a ship under ideal 
conditions. Now, let? s consider some of the more 
common ship-handling situations encountered — 
going alongside, for example, * 

• Port- side-to: It is; always easier to bring a 
single-screw craft alongside port- side-to than 
starboard-side-to. The reason is that when the 
bow is eased in alongside the berth and the engine 
is backed down to kill headway, side force of the 
backing screw swings the stern in alongside the 
A b erth. Figure 6-6 illustrates the effe ct of side 

' fwe^<^ ' '^l." ^r''..;'; ■'■*••*' ' 

• StaAoard-side-to: In a starboard-side-to 
landing, side force swings the stern away from 
the berth 7 whe^ Approach for a 
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Figure 6-6,— Effect of side force when backing. 



starboard-side-to landing, consequently, must 
be made at slow speed to avoid having to back 
hard to kill headway. Another disadvantage of 
a starboard-side-to landing engendered by a 
slow approach is that the less headway, the 
less jiril be the steering effect of ship's rudder, 
thus making her harder to control. 

Wind and Current 

Often, advantage can be taken of what may 
appear at first to be adverse conditions of wind 
and current It is in such a situation that the 
art of ship handling enters the picture. Plan 
a maneuver so that all known factors are taken 
into account A time loss of a few minutes may 
be unimportant, but the Navy is highly critical 
of unnecessary damage to ships and installations 
resulting from lack of planning or poor judgment, 

„ CURRENT FROM AHEAD,— If the ship has 
plenty of room and a fairly strong current from 
ahead, her bow can be eased alongside, and the 
forward bow spring line put out. The current 
will bring her in to the dock, as diagramed in 
the first vie^ 

CUIta^v F current 
is from astern, putting put the after quarter 
spring line (second view in fig. 6-7) produces 
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Figure 6-7.— Making use of current 



the same result as when current is from ahead 
Going alongside with a current from astern is 
more difficult, however, because the following 
current make* rudder effect erratic. 

• Using current only: Going alongside by means 
of current alone is impracticable unless there 
is plenty of room to range ahead or astern. 
Often the berth will be restricted in size, 
so that the bow must be eased in to go alongside, 
leaving no room to move ahead. This situation 
is no particular threat when the current isf rom 
ahead; but, in easing the stern alongside, screw 
and rudder must be used carefully. A following 
current in an approach to a small berth is much 
more serious, not only because of the lessened 
steering effect of the rudder but also because 
side force from the backing screw combines with 
current to swing the stern away from the berth. 
A stern line is imperative in this situation. Out- 
side assistance may possibly be needed. 

# Short berth: Most single-screw ships maneu- 
vering into a short berth prepare the No. 2 
line (after bow spring) on the dockside and get 
its eye out to the dock as soon as possible. 
(See fig. 6-8.) The line is belayed on the No. 2 
bitts on board and is checked carefully asithe 
ship makes headway. The ship should then go 
ahead on the screws with left rudder on. This 
combination will swing the stern toward the 
dock. Care must' be taken to avoid parting the 
spring at this point If the re is too much headway, 
the "screw must be backed to save the spring. 
Porft forget: Backing will force the stern further 



rudder effect, and No. 4 line (acting as a spring) 
will force the stern in against the wind In such 

WIND EFFECT.— Wind effect is another el- 
ement to contend with when going alongside. 
Wind is usually erratic in velocity, and a greater 
.safety margin must be allowed. Remember that 
the bow and stern may not be equal in sail 
area, hence wind effect on the ship as a whole 
will not be distributed uniformly. Another con- 
sideration is that, when approaching the lee 
side of a berth or another vessel, wind effect 
at the bow is reduced greatly while wind effect 
on the stern continues to act with full force. 
As with current, however, advantage can be 
taken of the wind if it is blowing toward a berth. 
Approach should be made so as to stop farther 
out from the berth than in a no-wind situation, 
and let the wind bring the ship alongside. Some 
use of screw and rudder may be required to 
keep the ship parallel to her berth. 

When the wind is setting a ship off her berth, 
the situation is more difficult For a port-side-to 
landing, the pier should be approached at a 
greater angle than that normally used with 
slightly more headway. A line should be put out 
to hold the bow, and side force of the backing 
screw should be used to bring the stern in. To 
make a starboard- side- to landing, with the wind 
setting the ship off her berth, again the pier 
should be approached at a greater angle than 
normally used and with slightly more headway. 
The bowline and No. 4 (after quarter spring) 
line should be put out By going ahead slow on 
the screw (with full left rudder), side force, 
rudder effect, and No. 4 line (acting as a spring) 
will force the stern in against the wind. In such 




GOING AHEAD WITH LEFT RUDDER 
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a situation, experienced ship handlers may drop 
the port anchor to hold the bow. it it is desired 
to used this method, always check the ship's 
chart first to ensure that dropping anchor in that 
area is not prohibited. 

Getting Away From a Berth 

The next operation to consider is getting 
underway. Take time to evaluate existing con- 
ditions, then plan a line of action. Wind effect 
should be apparent from the bridge. Current 
effect, on the other hand, is more difficult to 
judge. If the ship is moored in a- slip, current 
effect in the immediate vicinity may be com- 
pletely different from that out in the stream. 
Throwing a block of wood over the side and noting 
how it is affected by the current should give an 
approximate idea what to expect from current 
action. 

STARBOARD-SIDE-TO BERTH.-When pos- 
sible, the best way to clear a starboard-side-to 
berth is to back with left rudder. Side force 
and suction current on the rudder will swing the 
stern out from the Berth so that the ship can 
back clear safely. If there is no room astern, 
' the stern > can be moved out from the dock by 
using the No. 2 line as a spring and going ahead 
friow with full right rudder. 

PORT-SIDE-TO BERTH.— Unlike the method 
of clearing a starboard- side- to berth, trying to 
back away from a port-side- to landing has a 
tendency to send the stern against the dock. The 
best procedure for getting away is to let the No. 2 
(after bow spring) line remain oat and go ahead 
with hard left rudder until the stern is clear. The 
left rudder and the lever effect of the No. 2 line 
will bring the stern far enough out f or the-ehip 
to get away, at the same time restricting her 
forward motion. When the stern is clear, take in 
the No. 2 line, shift rudder, and back. 

CURRENT FROM AHEAD.- With a strong 
current running from ahead, a ship probably 
could Clear either starboard-side-to or port- 
side-to by slacking her head line and letting the 
current send the bow off. Once it is well off , let 
go all lines and go out ahead. When the rudder 
is turned away from the pier, the stern will swing 
* in that direction as the ship goes ahead, espe- 
; daily when leaving a starboard- side -to landing. 
Only small i amounts of rudder should be used 
until the ^ip is weU idear^^^,^^^^:^^^ v : 



CURRENT FROM ASTERN.— With a current 
from astern, slacking the stern lines will carry 
the stern off in the same manner as in the 
preceding situation. If the ship is in a set di- 
rection off the pier, letting go all lines will allow 
the current to carry the ship broadside out into 
the stream. 

Bank Cushion; Bank Suction 

Two other factors that are fundamental in 
ship handling are bank cushion andbank suction. 

With a ship going ahead close and generally 
parallel to a bank, seawall, or another ship, 
bank cushion forces the bow out, and suction pulls 
the stern in. These forces are easily understood 
if one considers (1) how the bow funnels water 
into a narrowing area and (2) how screws suck in 
water from ahead and discharge it astern. 

. When backing down, the bank effect is re- 
versed. Discharge current from the screws 
builds up a cushion at the stern, with the result 
that the stern goes out and the bow goes 
in. 

When going ahead, bank cushion and bank 
suction can be counteracted by intelligent use 
of the rudder. Going astern, however, a combina- 
tion of speed and rudder is required. 

Single-Screw Peculiarities 

The preceding topics on ship handling merely 
give an idea of some well-known idiosyncrasies 
of single- screw vessels. This training course 
cannot go into detail concerning unusual cir- 
cumstances wherin a ship will act in a non- 
characteristic manner. Habits peculiar to a 
particular ship must Ire learned from other 
conning officers and from experience. 

TOWING 

To fulfill a battle readiness requirement, 
every naval vessel is equipped to take another 
ship in tow or be taken in tow. Each ship is fur- 
nished with rigging plans for towing or being 
towed, for which vessels of the same class are 
outfitted with the same arrangement The leading 
Quartermaster should be familiar with these 
rigging plans, because they provide detailed in- 
formation covering the accepted rigging method 
for his ship. 
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Towing Problem 

Alongside towing is confined to harbors and 
inland waterways. Practically all seagoing tows, 
however, are'taken astern. The chief problem in 
towing on the high seas arises from the alternate 
straining and slacking of the towing hawser,, 
caused by the pitching of the ships and the 
tendency of the tow to sheer off or range up on the 
towing vessel. To compensate for this towing 
problem, the Navy has devised an automatic 
tensioning towing machine. A towing machine is 
installed in all ships whose primary mission is 
towing. Most vessels, such as tenders, repair 
ships, and salvage and submarine rescue ves- 
sels, also carry one of these towing machines. 

Towing Machine 

The electric, automatic tensioning towing 
machine is the type provided on modern ships. 
(Steam types, both automatic and nonautomatic, 
are obsolescent and are not discussed here.) 
The electric machine must be provided with a 
—minimum of 300 fathoms of 2-inch wire rope. It 
is also equipped with an automatic spooling 
device. Operation of the drum can be controlled 
either manually or automatically. By auto- 
matically paying out and recovering the towing 
hawser, the automatic tension control relieves 
the shocks and variations in tension that occur 
while towing in a seaway. When connected to the 
tow, the drum can be disengaged from the source 
of power for free spooling. 

The automatic tension range of the machine 
is greatest when only one layer of hawser 
remains on the drum; range decreases about 
10 percent for each succeeding layer. A long 
hawser, consequently, has the advantage of 
increasing the capacity range of the towing 
machine, in addition to other advantages de- 
_ scribed later. 

The function of the automatic towing machine 
is to cushion and relieve surges on the towing 
hawser caused by the pitching and yawing of the 
vessel and the sheering of the tow. In rough 
weather, when surges are frequent, the auto- 
matic feature is particularly advantageous, 
because then its constant operation avoids se- 
rious overloads and shocks on the hawser. Higher 
safe towing speeds (with correspondingly higher 
average tensions) may be maintained than are 
p racticable with fixed towing hawsers of the same 
size. 



During normal operation in a moderate sea, 
when the hawser tension is less than the tension 
control setting, the driving motor is deenergized 
and the hawser load is heldby a magnetic brake. 
The rotary motion of the drum assembly is then 
resisted by heavy springs. These springs absorb 
considerable shock. When the tension control 
setting is exceeded, however, an automatic ro- 
tary drum switch causes the magnetic brake to 
be released, permitting the motor to be over- 
hauled. When tension on the hawser has relaxed, 
a reclaiming device heaves in until the amount of 
hawser payed out is recovered. The motor is de- 
energized automatically again, and the magnetic 
brake is reset 

Fixed towing should be employed when towing 
in smooth seas. It is desirable that the towing 
vessel steam at speeds that will produce towline 
tensions consistently in excess of the automatic 
recovery pull of the machine. Fixed towing is ac- 
complished by engaging a pawl with ratchet teeth 
on the hawser drum. Structurally, the machine 
is designed to withstand a pull equal to the 
breaking strain of the 2-inch hawser when the 
pawl is engaged. 

Most automatic towing machines are provided 
with a quick hawser release. When towing in 
automatic control or on the clutch brake with the 
motor shut down, the hawser can be released 
simply by rotattng the clutch brake handwheel 
in a counterclockwise direction. The load on the 
hawser can then turn over the drum to meet a 
desired increase in scope. In an emergency, 
releasing fhe hawser permits the entire length 
of the hawser to pull free of its bitter end 
connection. 

Ship's Towing Gear 

A ship that is not specially designed for 
towing— in other words, one that doesn't have a 
towing machine— can tow another vessel by the 
fixed towing method only. In this method the sole 
means of cushioning stresses on the towing 
hawser is by veering the tow to a scope of hawser 
long enough to provide a good catenary in the 
line. 

For combat ships, past practice was to use 
a towing bridle bent in a bight around a gun 
mount or turret and then connected to the towing 
hawser. Later practice is to secure the towline 
to a towing pad conveniently located for that pur- 
pose. 
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Towing Approaches 

The approach to a disabled ship depends in 
part on how she lies in the water. How she lies 
is .contingent on size, draft, extent of damage 
affecting stability or trim, state of wind and sea, 
extent and location of superstructure sail area, 
and ocean current. If stability is not altered 
greatly, most ships will wallow in the trough in 
a rough sea. In a strong breeze and a moderate 
sea, the high part of the superstructure may 
serve as a sail and cause the ship to present her 
opposite end to the wind. For example, a de- 
stroyer comes around with her stern to the wind 
because the superstructure is forward. Ships 
with a deep draft and low superstructure are rel- 
atively unaffected by the wind, and probably wtfi 
lie broadside to the sea. 

One common approach is for the towing ship 
to determine her rate of drift relative to the 
disabled ship and take a position ahead and to 
one side of the other. If the disabled ship drifts 
faster, for example, the towing ship will station 
herself downcurrent or downwind. If the reverse 
is true, she will station herself upcurrent or up- 
wind from the tow. The idea, of course, is that 
with one ship drifting down past the other, more 
time is allowed for connecting the towline before 
the towing ship has to reposition herself. 
(See fig. 6-9.) 

The best way to determine which ship is drift- 
ing faster is to place your ship across the wind 
in line with the other vessel, lie to, and observe 
which vessel goes down to leeward ahead of the 
other. 

Figure 6-10 illustrates another position to 
take while the towline is being connected. This 
position is useful in rough sea with the tow wal- 
lowing in the trough. The towing ship approaches 
from leeward and passes the messenger as she 
crosses the bow of the other ship. She then takes 
the position shown. Chief advantage of this 
method is that the towing ship can maintain her 
position with very little maneuvering. Consider- 
able care must be taken, however, not to drift 
down on the towline and foul the screws. 

Another approach method may be used under 
good weather conditions when the disabled ves- 
sel 1 s velocity of drift is small. Here the towing 
slip approaches the tow from astern on the wind- 
ward side. Lines are passed to the forecastle of 
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Figure 6- 9. -Using drift to gain time while 
connecting towline. 
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Figure 6-10.— A good position in a rough sea. 



the tow as the towing ship steams past This 
method requires expert ship handling, because 
the towing ship must pass close enough to send 
over a messenger line and then back down and 
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stop a short distance ahead of the tow. The re- 
commended distance ahead is one-third the 
length of the towline. If your ship is to pick up 
a tow in danger of being washed ashore, or if for 
any other reason the time required for a second 
pass would be disastrous, you must get the tow- 
line messenger over on the first pass. Otherwise/ 
the disabled vessel will be in jeopardy. Having 
a fully equipped party near the stern, however, 
will give you a second chance to get the tow- 
line over. If you resort to this technique, it will 
be necessary to have a second section of 21- 
thread manila faked down on the fantail to bend 
onto the messenger after cutting from the mes- 
senger the section stopped off oh the lifelines. 
This section of 21-thread must be tended and 
payed out carefully so that it does not wrap 
around a screw. 

Regardless of the approach method, a mes- 
senger is the first line to be run. Towline 
messengers usually are made up of around 300 
feet of 21-thread line spliced to a 300-foot length 
of 2-1/2-inch manila. For larger ships using a 
heavier towline, another section of 4- or 5-inch 
mauila may be added to the towline messenger. 
Once the towline is shackled to the anchor chain 
of the tow, the chain is veered to about 30 fathoms 
to provide a good catenary. The weight of this 
scope of chain acts as a shock absorber for the 
towline, and is your best safeguard against 
excessive strain on the towline. Now you are 
ready to commence the tow. Bear in mind that 
this is the most crucial point in the entire opera- 
tion. Using the least practicable number of pro- 
peller jr evolutions per minute, go ahead for brief 
periods. When the inertia of the tow is overcome 
and the tow is moving through the water, you can 
build up gradually to a steady towing speed. Do 
not be concerned with the initial course of the 
tow unless navigational hazards in the vicinity 
interfere. The main objective is to start the tow 
moving. Course can be adjusted in small incre- 
ments after reaching a steady towing speed. 

Towing Signals 4 

Sound signals are used as a means of commu- 
nication between the towing vessel and the tow. 
The accompanying list gives towing signals and 
their meanings. Make sure you learn them. In 
timing the blasts, a short blast must not exceed 
2 seconds in duration. A long blast must be no 
less than 6 seconds in duration. 



Towing Signals 


Signal 


Meaning 


1 short blast 


I am putting my 
rudder right. 


2 short blasts 


I am putting my 
rudder left. 


2 short, 1 long blast 


Haul away. 


2 long, 5 short blasts 


Let go. 


2 long blasts 


Go ahead. 


1 short, 2 long blasts 


Pay out more line. 


1 long, 2 short blasts 


Stop. 


3 short blasts 


Avast hauling. 


2 long, 1 short blast 


All fast. (Lines 
are secured. ) 


3 groups of 5 short 
blasts 


I am letting go. 



Scope of Hawser 

While towing in a seaway, try to keep the 
ships "in step," that is, adjust the scope of the 
towline, if possible, so that the ships meet ant* 
ride over the water simultaneously. If the length 
of hawser is such that one vessel is in the trough 
and the other is on ajcivst, the towline slackens 
for an instant and then tautens with a sudden 
jerk, producing a stress much heavier than 
normal. 

To bring the ships into step, minor adjust- 
ments in the scope are easily made with a towing 
machine. Adjustments are almost impossible 
with the fixed method, except when the towed 
vessel has her anchor chain shackled to the 
hawser. In that event, veering or heaving in on 
the windlass will accomplish the necessary 
adjustment 

Where the scope of hawser veered out is 
within the control of one ship or the other, it 
should be veered to a scope sufficient to provide 
a good catenary, but not long enough to permit 
the towline to drag on the bottom. When towing 
a large vessel, the minimum for a good shock- 
absorbing catenary is about 200 fathoms. Speed 
must be reduced if circumstances make it im- 
possible for you to provide a sufficiently long 
scope. There should never be enough stress on 
the towline to hoist its entire length clear of 
the water. 
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Towing Speeds 

The speed at which a vessel can be towed 
depends upon her size and type, sea and weather 
conditions, whether she can provide any assist- 
ance with her own screws, and whether a towing 
machine is used. In general, a Urge vessel may 
be towed at from 5 to 9-1/2 knots under good 
conditions. 

An increase in speed may be obtained when 
towing a vessel if her screw is allowed to turn. 
In such an instance, or where a vessel with an 
unlocked screw is being towed, the main engine 
lubrication system must be in operation to pre- 
vent bearing failures when the propeller starts 
to turn. 

In ascertaining the towing speed, the towing 
hawser is the principal consideration. Speed 
of the vessels must be kept at a point where 
the towing hawser will not be overstressed. 

Alongside Towing 

Most harbor and inland waterway towing is 
accomplished by tugs by means of the alongside 
method. In this procedure, the tug is secured 
alongside the tow. The reason for the alongside 
method is the greatly increased maneuverability 
of a tug with her tow alongside instead of astern. 
If made fast properly, she can steer both her self 
and the tow. Moreover, the space required for 
maneuvering is much less than that required 
for a stern tow. 

For alongside towing, the tug normally 
secures to one side of the tow, with hfef town 
stern abaft the stern of the tow to increase the 
effect of her screw and rudder. The side chosen 
depends upon the amount of maneuvering the 
towing ship must accomplish with the tow. If a 
sharp and difficult turn is to be made under 
headway, the tug should be on the inboard quarter, 
that is, the side toward which the turn is to be 
made. In this position she is placedproperlyf or 
backing to assist the turn, because as she slows, 
the tow's bow turns toward the side the tug is on. 

If a turn is to be made under no headway, 
the tug is more efficient on the starboard side 
of the tow. When the tug backs to turn, the port 
send (side force) of her screw combines with the 
drag of the tow to produce a turning effect 
greater than could be obtained with the tug on 
the port side. The best position for a long bade 
iii a straight line is to have the tug on the port 



side, because then the drag of the tow tends to 
offset the swing of the stern to port. 

If all turns are made with the tug's screw 
going ahead, she is more favorably placed on 
the outboard side of the tow. This side is away 
from the direction toward which most turns are 
to be made. 

In the upper view of figure 6-11, a tug is 
secured to a tow's starboard quarter. The tow- 
line, usually 8-inch (or larger) manila, leads 
from the forward (shoulder) bitts on the tow side 
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Figure 6-11.— Alongside towing. 

of the tug to the after bitts on the tow. The tug 
secures this line first, then ranges ahead to take 
up the slack. Another manila headline, called 
the backing line, is led out one of the tug's bow 
chocks to a forward point on the tow. The tug 
end of this line is taken to the capstan and heaved 
until the towline is taut This procedure brings 
the tug to her proper position, slightly bow-in to 
the tow. A stern breast line, leading from aft on 
the tug to aft on the tow, is used to keep the 
tug's stern from drifting out 
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The bottom view of figure 6-11 illustrates 
how a tug can take two small tows alongside, 
one on either side. 

Areas of the harbor that are subject to wave 
action should be avoided whenever possible. The 
tug and tow seldom pitch in the same tempo, so 
that when they start pitching out of harmony, the 
lines take a heavy strain and may part When 
equipped with a rudder, the tow assists in steer- 
ing. 

Size and loading of the tow may be such that 
the view of the tug 1 s conning officer is obstructed. 
For that eventuality, a lookout is stationed aboard 



the tow to keep the conning officer fully informed 
of activity and hazards in the blind area. 

SHIFTING THE TOW.-Occasionally it is 
necessary to shift a tow from one side to the 
other or from alongside to astern. 

One method of shifting a tow from one side 
to the other is to drop it astern and haul it up 
on the other side by means of a hook rope. The 
following method is faster and more seamanlike. 

With the tow on the starboard side (as shown 
in view A of fig. 6-12), run a bowline out t%e 
port forward chock, around the bow, and to the 




GOING AHEAD ABOUT 
G KNOTS, APPLY 
LEFT RUDDER. 




WHEN TOW 13 TURNING, 
STOP ENGINE ANO CAST 
OFF TOWLINE. BACK 
DOWN. 




SHIFT RUODER ANO 
KICK AHEAD. SLACK 
OLD BOW LINE. 




STEADY TUG. 
KEEP WAY ON. 



Figure 6-12. -Shifting tow to other side. 
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after inboard corner of the tow. Cast off the 
stern breast, and fake it down on the port side. 

Pick up a good forward speed (about 6 knots) 
and apply left rudder. When the tow is in the 
turn (view B), stop the engine, cast off the tow- 
line, and begin to back down. With the tow 
crossing the tug's bow as in view C, slack the 
original bowline, shift the rudder, and kick ahead. 
As the tow comes down on the port side, steady 
the tug, keeping way on and allowing the tow to 
swing around broadside to the tug (view D). 
Pass towline and stern breast and set taut on 
all lines. 

Shifting a tow from alongside to astern 
usually is necessary when a tug is to tow a 
barge or other vessel from port to port Tti$ , 
tow is taken alongside within the harbor and', 
shifted astern outside. 

The shifting procedure is simple. The towing 
hawser is connected to the towing bridle before 
getting underway. Outside the harbor, the lines 
used for towing alongside are cast off, allowing 
the tow to drift away from the tug. Then, slowly 
accelerating, carefully altering course, and judi- 
ciously ( paying out the towing hawser, the tug 
gets umfe^way with the tow and comes to the 
required course. 

Towing Astern 

Towing barges astern is referred to as 
tandem towing. In the broad sense, tandem means 
one behind the other. In towing, the term fre- 
quently is used to distinguish a particular rig 
for towing two or more barges or lighters in 
a single line. Here, tandem is used in the latter 
sense to differentiate between this rig and 
another called the Christmas tree. 

Both the tandem and the Christmas tree 
methods of rigging for towing are illustrated 
in figure 6-13. In the Christmas tree rig, notice 
that all the barges tow from a single hawser by 
means of pendants shackled to flounders (some- 
times called bails or fishplates) inserted in the 
towing hawser. In the tandem method, each barge 
tows by a line secured directly to the barge 
ahead. v 

For the most part, the Christmas tree method 
is preferred Over the tandem rig. Itis stronger, 
more units can be towed, and any unit can be 
taken from the tow at any time without disrupting 
the entire tow. 



Safety Precautions 

The following safety precautions are of great- 
est concern to you in towing operations. Don't 
forget that the long catenary in a towline acts as 
a spring inserted in the hawser. Until the tow- 
line rises out of the water and becomes taut-that 
is, the spring reaches its total extension-there 
is no danger of parting the towline unless it 
hangs up on the bottom. 



Safety Precautions 

Always— 

•Step up speed three to five turns at a 
time until towing speed is reached. 

•Use a bolt- type safety shackle or a plate 
shackle to connect towline to anchor 
chain. (A screw pin shackle may be 
used in an emergency. The pin must 
be moused with seizing wire for short 
tows. For long tows* it must be welded 
in place.) 

•Have anchor on tow ready /or letting go. 

•Set towing watch on both skips. 

•Provide emergency mean* for cutting 
tow wire, such as large bolt cutters 
or cutting torch. 

•Keep unnecessary personnel from vicin- 
ity of towline. 

Never— 

•Rig a towline that cannot be cast oft 
quickly. 

•Make a sharp turn in shallow water with 
a long scope of towing hawser out, 
except to avoid collision or grounding. 

•Let tow get forward of the beam. . 

•Tow in a heavy sea with a short scope. 

•Use towing hawser that is kinked or 
badly frayed. 

•Fail to cast off tow if there are definite 
indications that it will sink. 

•Abandon a tow lest it become a menace 
to navigation. 

•Take a tow without thoroughly inspecting 
bridle, towing pads, chafing pads, re- 
trieving wire, cargo (safe andproperly 
secured), and watertightness. of ves- 
sel. 

•Allow propeller of tow to turn unless 
the lubrication system is working. 
•Trust inexperienced personnel to splice 
towline. 
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^MINIMUM DISTANCE AT SEA 
j^SOOFTr-*| |— 3O0FT^| 



CHRISTMAS TREE METHOD 




DISTANCES SAME AS ABOVE 



TANDEM METHOD 



Figure 6-13.— Towing barges astern. 
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DOCKING LARGE VESSELS 

Every Navy tug is equipped with a large bow 
fender, called the bow pudding, which makes it 
possible for her to get her nose against a large 
craft and shove her along the way she should 
go. All that is -necessary to bold her alongside 
the larger craft is a single bovline from the 
tug. 

Whenever the tow* a bow or stern must be 
pulled instead of pushed around, the towline 
should lead from the towing bitts of the tug to 
enable her to use her rudder. 

For tugs alongside, docking pilots usually 
have a system of whistle signals by which they 
order specified tugs on the bow or quarter to go 
ahead, stop, or back. As a rule, tug skippers 
also go over the docking with the pilot ahead of 
time, so mat each of mem knows which side of 
the tow be is going alongside, where his boat 
is to take station, and what she probably will 
have to do. 

Standardized tugboat docking signals and hand 
signals, adopted by the Chief of Naval Operations, 
must be used by U. S. Navy ships and tugs dur- 
ing periods when a pilot is not embarked. When- 
ever possible, the tugboat docking whistle signals 
are augmented by the hand signals. It is expected 
that these signals will be adopted by other 
agencies besides the Navy. 



The tug is to acknowledge all of the signals 
with one short toot (1 second or less) from his 
whistle. Excepted from this rule are the backing 
signal, which is acknowledged with two short 
toots, and the castoff signal, which is acknowl- 
edged by one prolonged and two short toots. 

NOTE: The blast on the hand whistle should 
be of 2 or 3 seconds' duration, the short blast 
about 1 second, and the prolonged blast 4 or 
5 seconds. 



Tllflboat Docking SifpiaJn 




Blast on hand whistle 


From stop to half speed 
ahead. 


1 blast 


From half speed ahead 
to stop. 


1 blast. 


From half speed ahead to 
full speed ahead. 


4 short blasts. 


From fall speed ahead to 
half speed ahead. 


1 blast 


From stop to half speed 
astern. 


2 blasts. 


From half speed astern to 
fall speed astern. 


4 short blasts. 


From half or fall speed 
astern to stop. 


1 blast 


Cast off . stand clear. 


1 prolonged. 
2 short blasts. 
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The hand signals in the accompanying list 
are illustrated in figure 6-14. 



Hand Signals 



Meaning 

1* Half speed ahead or 
astern. 

2. Full speed (either) 



3. Dead slow (either) 



Signal 



4. Stop 



5. Tug to use right 
rudder. 



6. Tug to use left 
rudder. 



7. Tug to put rudder 
amldship. 



8. Cast off, stand 
dear. 



Arm pointed in 
direction desired. 

Fist describing arc 
(as if "bouncing" 
an engine telegraph). 

Undulating movement 
of open hand (palm 
down). 

Open palm held aloft 
facing tug. 

Hand describing circle 
as if turning wheel 
to right (clockwise, 
facing in the same 
direction as the 
tug). 

Hand describing circle 
as if turning wheel 
to left (counter- 
clockwise, facing in 
the same direotion 
as tug). 

Arm at aide of txxfy 
with hand extended 
and swung back and 

forth. 

Closed fist with thumb 
extended, swung up 
and down. 






© 



u (J 



® 




Figure 6-14. -Tugboat hand signals. 
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CHAPTER 7 

ASSISTING THE NAVIGATOR 



As a senior Quartermaster you will be more 
closely associated with the navigator than you 
were formerly. As a QM1 on destroyer types 
and auxiliaries, or as a QMC on large ships, 
you may be assistant navigator and, in the navi- 
gator's absence, you may have to take over 
operation of the navigation department. This 
chapter describes the duties of the navigator 
and your responsibilities as his assistant 



DUTIES OF NAVIGATOR 

The head of the navigation department of a 
ship is called the ship's navigator. He normally 
is senior to all watch and division officers 
aboard. An officer is assigned to large com- 
batant ships as navigator by the Bureau of 
Naval Personnel. Aboard other ships, the 
commanding officer may assign any qualified 
officer as navigator. 

The navigator is responsible, under the 
commanding officer, for the safe navigation 
and piloting of the ship. He receives all orders 
relating to his nayigation duties from the com- 
manding officer, and makes reports in connec- 
tion therewith directly to the CO. 

Specific duties of the navigator, as listed in 
Navy Regulations, are to— 

1. Achrise the commanding officer and officer 
of the deck regarding the ship 1 s movements and, 
if the ship is running into danger, concerning a 
safe course to be steered. To this end, he must— 

a. Maintain an accurate plot of the ship's 
position by astronomical, visual, electronic, or 
other appropriate means. 

b. Before entering pilot waters study all 
available sources of information concerning the 
navigation of the ship therein. 

C Give careful attention to the course of 
the ship and depth of water when approaching land 
or shoals. 



d. Maintain record books of all observa- 
tions and computations made for the purpose 
of navigating the ship, with results and dates. 
Such books form a part of the ship's official 
records. 

e. Report in writing to the commanding 
officer, when underway, the ship's position at 
0800, 1200, and 2000 each day, and at such other 
times as the commanding officer may require. 

f. Procure and maintain all oceano- 
graphic and navigational charts, sailing direc- 
tions, light lists, and other publications and 
devices required for navigation. 

g. Maintain records of corrections af- 
fecting such charts and publications. 

,r-« h. Correct navigational charts and pub- 
lications, as directed by the commanding officer, 
and in any event before any use for navigational 
purposes from such records, and in accordance 
with such reliable information as maybe supplied 
to the ship. 

2. Operate, care for, and maintain the ship's 
navigational equipment To this end, he must— 

a. Determine daily, when the ship is un- 
derway and weather permits, the error of the 
master gyrocompass and standard magnetic 
compass, and report the result in writing to the 
commanding officer. He orders frequent com- 
parisons of the compasses and recordings of 
the results. * He adjusts and compensates the 
magnetic compasses when necessary, subject to 
the approval of the commanding officer. He also 
prepares tables of deviations, and keeps cor- 
rect copies posted at the appropriate compass 
stations. 

b. Ensure that the chronometers are 
wound daily, that comparisons are made to deter- 
mine their rates and error, and that the ship's 
clocks are set properly, in accordance with the 
standard zone time of the locality or in accord- 
ance with the orders of the senior officer 
present 
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c. Make certain that the electronic navi- 
gational equipment assigned to him is kept in 
proper adjustment and, if appropriate, that 
calibration curves or tables are maintained and 
checked at prescribed intervals. 

3. Ensure the prop r care and operation of 
the steering gear in genera], except the steer* 
ing engine and steering motors. 

4. Prepare and maintain the deck log. Daily, 
and more often when necessary, he should in* 
spect the deck log and the quartermaster's note* 
book, and take such corrective action as required 
and within his authority to ensure that they are 
kept properly. 

5. Prepare reports and records required in 
connection with his navigational duties, including 
those pertaining to the compasses, hydrography, 
oceanography, and meteorology. 

6. Relieve the officer of the deck as author* 
ized or directed by the commanding officer. 
Navy Regulations further state that the navigator 
must perform the duties prescribed for him, 
regardless of whether a pilot is on board. 

DAY* S WORK AT SEA 

To be able to assist the navigator effectively, 
or possibly to act as navigator of a small vessel 
yourself, it is essential that you know every 
phase of a navigator's typical day's work at sea. 
The day's work may be logn and arduous. It 
usually begins before sunrise and lasts long 
past sunset The navigator whose work is well 
organized follows a set routine that ensures 
completion of his day's work with maximum 
effectiveness and a minimum of confusion. 

Morning Stars 

As mentioned in chapters, the Quartermaster 
on the evening watch computes the time cf sun* 
rise and twilight for the following day and informs 
the navigator. The navigator has his name placed 
in the morning call book so that he will pe called 
early enough to allow him to arrive on thebrtdge 
well in advance of the time to shoot morning 
stars. * 

The morning star sights are taken as early 
as the condition of twilight 'permits, to ensure 
that a sufficient number of observations can be 
made while the stars still are visible. Observa- 
tion of at least three stars or planets should be 



made. Whenever possible, sights of more than 
three bodies should be taken. 

Determination of ship's position is based on 
the results of the star sights. This position 
is compared with the ship's dead reckoning (DR) 
position, which has been carried forward from 
the last fix. From this comparison, set and 
drift are determined, and a new DR track is laid 
out 

At approximately 0730, the navigator gathers 
the necessary information for filling out the 0800 
position report (See fig. 7-1.) At this time he 
corrects his DR track for course and speed 
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Figure 7*1. -Ship's position report 

changes that may have taken place since the 
morning position was determined. Based on 
this DR position, the navigator makes out the 
position report, and submits it in time to have 
it reach the commanding officer by 0800. 
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Sunllnes 

Most navigators try to get at least two sun- 
lines during each morning and two each after- 
noon. When possible, one morning sunline should 
be taken when the sun's azimuth is 090°, and an 
afternoon sunline when the sun bears 270°. For 
this purpose the sun's altitude should not be 
less than 15°. A line of position from a sun 
shot taken at either of these times results in 
the ship's longitude. 

When the sun is observed at local apparent 
noon (LAN)— as explained in chapter 5— the 
morning sunllnes are advanced, by the usual 
DR methods, the distance traveled by the ship 
in the interim. If LAN occurs after 1200 local 
time, the morning sunllnes may be advanced 
along the DR track to 1200 and the LAN sunline 
retired to 1200. Usually the morning sunllnes 
and the LAN line intersect and form a small 
triangle. The center of the triangle is considered 
the fix. 

If LAN occurs before noon local time, the 
1200 position report is made out using the infor- 
mation obtained in the LAN fix. When LAN does 
not occur until some time after noon, the 1200 
position report must be made, using the infor- 
mation obtained from the morning sunllnes, 
DR position, electronic navigational aids, or 
any combination of these methods. 

Ordinarily, the afternoon sunllnes are not 
used to determine a fix unless no evening stars 
nor electronic fix can be obtained. These sunllnes 
serve principally as a check on the DR position. 
Depending on the ship's course, the sunline* 
may reveal whether the ship is to the right or 
left of her proposed trade, or whether she is 
ahead of or behind her DR position. 

Azimuths 

Navy Regulations, as mentioned previously, 
require the navigator to determine daily the 
gyrocompass error and report the results to 
the commanding officer. Normally the error is 
determined by taking a morning or afternoon 
azimuth of the sun. Azimuths may be taken at 
any time, provided the sun is visible and its 
altitude is not too high; the best time, however, 
is early morning or late afternoon. When the sun 
is near the observer's meridian, its apparent 
motion (speed of change in bearing) is faster 
than at other times, and azimuths observed are 



likely to be less accurate. Errors determined 
by azimuths are applied to the gyrocompass 
readings when determining the course to be 
steered, taking bearings, or comparing magnetic 
compass with gyrocompass readings. A gyro 
error is reported to the commanding officer as 
a part of the 0800, 1200, and 2000 position 
reports. 

Evening Stars 

Times of sunset and evening twilight usually 
are computed at the time of the last afternoon 
sunline. The approximate azimuths and altitudes 
of the stars expected to be observed during 
twilight are listed in the navigator 1 s sight book; 
and the navigator and his assistant make plans 
to arrive on the bridge before the appearance of 
the first stars. 

Evening stars are observed and plotted, and 
the position determined, using much the same 
procedure as for taking morning sights. The 
2000 position report is based on the fix obtained. 
Occasionally, especially when on daylight saving 
time, evening stars cannot be observed and plot- 
ted until after time for submission of the 2000 
position report. In that event, the commanding 
officer may require that a verbal report of the 
ship's position (from the DR or electronic 
means) be made at 2000 and that a position 
report based on the evening star sights be sub- 
mitted as soon as it is prepared. 

Before he secures for the night, the navigator 
leaves instructions with the QM of the watch 
and/or the OOD concerning aids to navigation 
expected to be sighted, changes of course or 
speed, and electronic fixes to be taken. He then 
ensures that proper preparations are wiA< for 
observing the next morning's stars, and ha* a 
call recorded for himself in the morning call 
book. 

Additional Duties Underway 

During the course of a day, the navigator 
has many additional duties not mentioned in the 
preceding topics. These duties are not accom- 
plished at any specific time and do not nec- 
essarily follow any set routine. Circumstances 
usually dictate whether and when the duties are 
performed. Following is a partial listing. 

1. Dead reckoning is carried forward contin- 
uously from the last fix until another fix is 
obtained. 
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2. Fixes by electronic navigational aids are 
obtained at frequent inte rvals. 

3. Weather reports are submitted in accord- 
ance with the ship's operation order. 

4. Instruments used in navigation, including 
depth-finding equipment, are tested daily. 

5. During maneuvers on large ships, the nav- 
igator remains on the bridge, advising the con- 
ning officer regarding courses ar,d speeds 
necessary to complete particular evolutions, 
and keeping the ship's navigational position 
available at all times. 

6. Before entering a harbor or anchorage, 
determination is made of the state of the tide, 
state Bt current, depth of \Vater, and typ* of 
bottom to be expected. The *X)D andQM of the 
watch are informed of visual aids to navigation 
expected to be sighted so that they may watch 
for and recognize them. 

7. When the ship enters a new time zone, 
the navigator directs that the ship's clocks be 
reset. 

8. The deck log is checked daily and signed 
by the navigator. He ascertains that entries are 
complete and in proper form. 

Quartermaster's Responsibility 

From the foregoing topics you can see that 
the navigator's day can be rather full. Timely 
completion of many phases of his work depends 
on the help erf an efficient assistant. As leading 
Quartermaster, you will be expected to provide 
this needed assistance. Obviously, all of the 
duties of the navigator's assistant cannot be 
listed, but a few of the more important ones 
are discussed in the ensuing paragraphs. 

• Assisting at observations: Before taking a 
star sight, sunline, or azimuth, the navigator's 
assistant must assemble the necessary appara- 
tus. (The proper equipment for this purpose 
includes sextant, azimuth circle, comparing 
watch, almanac, and sight reduction tables.) 
He must also take and record the time for 
observation. Usually he extracts information 
from the 'manac and the tables during com- 
putations. 

On occasions when the navigator is not 
available to make observations himself, the 
assistant must make them. He is aided by one 
of the othe* Quartermasters who records time 
and renders other necessary assistance. For 
this reason, you should have your men well 
trained in celestial navigation. 



• DR position: The navigator's assistant fre- 
quently is assigned responsibility for keeping 
the ship' s dead reckoning position up to date, 
particularly during maneuvers when numerous 
changes of course and speed are made. Keeping 
the DR position current is simplified if the 
person drawing the track is knowledge^? con- 
cerning chart scales and the relationships 
between the chart scale and the latitude or 
distance scale printed on the chart Proficiency 
in the usa of parallel rule*, drafting machines, 
dividers, and nautteal siide rules or nomograms 
also helps to make 'Ma task more accurate and 
less difficult. 

• Electronic navigation: When electronic nav- 
igational aids are available, the navigator may 
require his assistant to fix the ship's position 
electronically at intervals during the day. Sufth 
fixes may be used to verify the DR position, 
as a check against gross error in celestial fix, 
or to establish the ship's position when out of 
sight of land attf a# celestial observations csft 
be made. 

• Supervision and training: Probably the most 
important Jobs of the assistant navigator are to 
supervise and train other personnel of the 
navigation department Supervision is a Nec- 
essary part of leadership. The work of your 
men should be supervised to the extent required 
to ensure accuracy and efficiency. 

Classes and drills should be held daily when 
possible. Training in any phase of departmental 
responsibility will, of course, contribute to the 
overall efficiency of the department. Particular 
emphasis should be given to- 
Keeping the quartermaster's notebook and 
the deck log. 

Solving basic maneuvering board prob- 
lems. 

Rendering honors and ceremonies. 
Rules of the road. 

Keeping time during observations and care 
of timepieces. 

Observation of weather and weather reports. 

Use of electronic aids to navigation. 

Use and care of charts, tables, publications, 
and classified matter. 

Winding and checking chronometers. 
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EXTENDED CRUISE 

During your tenure as senior Quartermaster, 
you probably will participate in cruises that 
will take your ship out of home port for ex- 
tended periods. Such cruises differ from routine 
daily operations and short cruises principally 
in the lack of availability of supplies, repair 
facilities, and replacement equipment. For these 
reasons, planning and preparation for such a 
cruise should be thorough. 

PLANNING A CRUISE 

During peacetime, ships usually operate on 
long-range employment schedules (promulgated 
by fleet commanders), which tell, broadly, a 
ship s operating schedule for a year. Each 
ship also has a quarter*/ employment schedule 
which gives more specific details concerning 
the ship's operations for each fiscal quarter. 
As soon as the quarterly operating schedule is 
received aboard, plans and preparations may 
be started for any extended cruise listed there- 
in. B the operating schedule has a security 
Classification for which you do not have clear- 
ance, or If for some other reason the schedule 
is not available to you, the navigator will give 
you any information from it mat is necessary 
for completion of your Job. Occasionally, ships 
make extended cruises on shorter notice man 
is provided by the quarterly operating schedule, 
ff this situation arises, you must-insofar as 
possible— follow the same planning procedures 
as when advance notice is received. 

No set order of making advance preparations 
can be prescribed except that, logically, the 
tasks that will take longest to complete— such 
as ordering and receiving supplies-should be 
started first Only those items mat cannot be 
accomplished in advance should be left to the 
last minute. 

Expected ports of call and operating areas 
should be determined early in your planning, 
xo- should ensure that the latest editions of 
charts for these areas are aboard and corrected 
npto date. Likewise, sailing directions and light 
lists for these areas should be checked and 
corrected. B any of the general sailing charts 

2SS taK £52? P 10 *** ■ hert »). aPP»ach 
charts, or harbor charts are not aboard, they 
should be ordered! rom the Oceaaographtc Office 
immediately. B plans call for the ship to operate 
in one area for an extended period, several 
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charts of that area should be ordered. When 
sufficient space is available, charts pertaining 
to the waters the ship will enter should be 
stored in a special drawer left empty for that 
purpose. 

You should study the sailing directions for 
the localities your ship will visit to see whether 
any special equipment, not normally aboard your 
ship, is required. Before sailing, you must en- 
sure that you have aboard all necessary books 
tables, and forms, and even such minor items 
as pencils, erasers, and scratch paper. 

Ensuring That Equipment Is Operable 

In addition to having on hand the necessary 
supplies for a cruise, it is necessary that the 
navigational equipment be in its best operating 
condition. This equipment includes timepieces, 
fathometer, azimuth circles, binoculars, draft- 
ing machine, stadimeter, sextant bearing circle 
and telescopic alidades. 

Actual repairs on the equipment in the fore- 
going listing are made (usually) at a repair 
activity or by qualified technicians aboard ship. 
For instance, chronometers should be turned 
in to a chronometer pool if their overhaul due 
dates will be approached during the cruise; 
Sonar Technicians usually make necessary re- 
pairs to the fathometer; and azimuth circles 
and binoculars should be sent to a tender or 
repair ship for repairs. Simple adjustments 
to appropriate equipment, however, can and 
should be made by operating personnel. Some 
of these adjustments are discussed in the follow- 
ing paragraphs. 

e Drafting machine: Normally the only adjust- 
ment that operating personnel should make to a 
drafting machine is to tighten the endless belt 
of the parallel motion mechanism. This belt 
must be kept taut B rigidity of the ruler is to 
be preserved. To tighten the belt, it is neces- 
sary only to turn the adjusting nut between the 
loose belt For this purpose, an open end wrench 
is provided with each drafting machine. 

e Sextant (fig. 7-2): Sextants should be adjusted 
only when necessary, because frequent manip- 
ulation of me adjusting screws may cause exces- 
sive wear. Sextants should be checked before 
every cruise, but it should be adjusted only 
when errors are excessive. When making adjust- 
ments, never tighten one adjusting screw without 
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Figure 7-2. - Endless tangent screw sextant. 
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first loosening the other screw that bears on the 
same surface. Sextant adjustments that the user 
can make are listed here in the order in which 
they should be made. 

1. Perpendicularity of the index mirror: To 
test for perpendicularity, place the index arm 
at about 35 on the arc, and hold the sextant 
on its side, with the inde* mirror up and toward 
the eye. Observe the direct and reflected views 
of the sextant arc. If the two views do not 
appear to be Joined as a straight line, die index 
mirror is not perpendicular. (See fig. 7-3.) If 
the reflected image is above the direct view, 
the mirror Is inclined forward. If the reflected 
image is below the direct view, the mirror is 
inclined backward. Misalignment is corrected 
by loosening one of the two adjusting screws at 
the bade of the mirror and tightening the other. 

2. Perpendicularity of the horizon glass: To 
test for this type of perpendicularity, set the 
Index arm at zero and direct the line of sight 



at a star. Rotate the tangent screw bade and 
forth so that die reflected image passes alter- 
nately above and below the direct view. If, 
when changing from one position to the other, 
the reflected image passes directly over the star 
as seen without reflection, the horizon glass is 
perpendicular. If the reflected image passes to 
one side or the other, the glass is not perpen- 
dicular and side error is said to exist For 
this test, the sextant need not read zero when 
the star and its reflected image are in coin- 
cidence. Side error is corrected by adjusting 
the two screws (fig. 7-4) near the base of the 
horizon glass. 

3. Parallelism of horizon glass and index 
mirror: The horizon glass and index mirror 
should be parallel when die index arm is set 
exactly at eero. To test for parallelism, set die 
instrument at zero and direct the line of sight 
at the horizon. Because the side error has been 
eliminate d, the direct view and reflected image 
of toe horizon should appear as a straight line. 
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Reflected 
Image 

DlrecUy 
Viewed 
Scale 



A. Index Mirror leaning forward 
(Reflected image high) 




Reflected 
Image 

Directly 
Viewed 
Scale 



B. Index Mirror leaning backward 
(Reflected image low) 




Reflected 
Image 

Directly 
Viewed 
Scale 



C. tnda» mrror fl^irptwdliTttlar to 
the plane of the Sextant Frame / 
(Reflected image level with 
direct!? Hewed scale) 

™ - * 137 - 35 » 
Figure 7-3.-Perpendicularity of the index 

mirror* 



HORIZON GLASS 
BRACKET ADJUSTING 
SCREW 




HORIZON GLASS 
MOUNTING ADJUSTING 
SCREW 

Figure 7-4.— Horizon glass mounting and 
adjusting screws. 

H they appear as a broken line— one edge higher 
than the other-the mirrors are not parallel. 
This error need not be removed, however, par- 
ticularly if it is small and constant. When not 
removed, it becomes the principal component of 
index error. (Index error, as you know, is the 
difference between the true angle formed by 
a line intersecting three points and the same 
angle as measured by a particular sextant) 
The index error (with sign reversed) becomes 
the index correction (IC) and must be applied 
to all sextant readings. 

If it is decided that the horizon glass and 
the index mirror should be made parallel, this 
correction is accomplished by adjusting two 
screws near the base of fee horizon glass. 
Because both the second and third corrections 
entail adjustments to the horizon glass, it is 
good practice to recheck for side error after 
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index error has been removed. Index error 
should always be checked after adjustment for 
side error. 

4. Parallelism of the telescope: The line of 
sight through the telescope must be parallel to 
the plane of the sextant, otherwise an error of 
collimation exists. This error results in al- 
titudes being measured at greater than their 
actual values. Parallelism of the telescope is 
checked by inserting the telescope in its collar 
and observing two stars that are 90° or more 
apart The reflected image of one star should 
be brought into coincidence with the direct view 
of the other, near the right or left edge of the 
field of view. (If the sextant is horizontal, the 
upper or lower edge should be used.) The sex- 
tant should then be tilted so that the stars 
appear near the opposite edge. If the stars re- 
main in coincidence, the telescope is parallel 
to the frame; but if they separate, it is not. 
Adjustment for nonparallelism is made to the 
collar by means of the two screws at the rear 
of the collar provided for this purpose. 

# Stadimeters (fig. 7-5): The type n Flake 
stadimeter is the one used most extensively 
by the Navy r and only adjustments to that type 
are discussed ui this text As you will see, 
adjustment to the stadimeter are similar to ad- 



justments to the sextant An adjusting screw 
wrench to be used when making adjustments is 
included in the carrying case of each instrument 
Three adjustments may be made by the user 
as follows: 

1. Perpendicular adjustment of the horizon 
mirror: The top edge of the silver on the horizon 
mirror and the center of the small peephole 
in the telescope holder have the same height 
above the frame of the stadimeter. Thus, if 
the mirror is perpendicular to the plane of the 
instrument, you can see the reflection of half 
of the peephole in the silvered portion of the 
mirror. (See fig. 7-6.) If you cannot see half 
of the peephole in the mirror, turn the vertical 
adjusting screw in the direction necessary to 
enable you to see it It you cannot see both the 
peephole and the telescope holder in the horizon 
mirror, the mirror may be at an incorrect 
angle. Adjust it by turning the radial adjusting 
screws located on top of the frame above the 
horizon mirror. 

2. Perpendicular adjustment of the index 
mirror: If the index mirror of a stadimeter is 
not perpendicular to the frame, the directly 
viewed object and its reflected image will not 
be aligned. To check for perpendicularity, hold 
the stadimeter with its frame vertical and look 
through the telescope holder at a small vertical 



/ 



CARRAGE 
SCREW 
ASSEMBLY 




RANGE 
DRUM 



STADIMETER 
TELESCOPE 
ASSEMBLY 



INDEX 
MIRROR 



Figure 7-5. -Type n Flake stadimeter. 
107 

/// 



58.78 



QUARTERMASTER 1 & C 



HORIZON MIRROR 
FRAME 




One Half of 
Peep Hole 



HORIZON 
MIRROR 



Reflected 
Image of 
Telescope 
Holder 



137.417 

Figure 7-6, —Perpendicular adjustment of 
the horizon mirror. 



object, such as a mast or flagpole, to determine 
whether the directly viewed object and the 
reflected image coincide. (See fig. 7-7.) If 
they do not coincide, use an adjusting screw 
wrench to turn the index mirror adjustable 
base, as necessary, to make them coincide. 
Wobble the stadimeter while holding it in aver-* 
tical plane and check to determine whether the 
directly viewed object appears to wiggle. If it 
does, the mirror is not adjusted properly. U 
adjustment of the mirror does not remove the 



wiggle, repeat the procedure for perpendicular 
adjustment. 

3. Parallel adjustment of mirrors: With the 
range drum set at infinity, make the horizon 
and index mirrors perpendicular to the frame 
and parallel to each other in the following 
manner: ^ 

a. With the stadimeter held vertically, 
look through the telescope holder at a distant 
horizontal object If the directly viewed and re- 
flected image of the object are not continuous 
(as in the left view of fig. 7-8), loosen one of the 
horizon mirror radial adjusting screws and 
tighten the other screw enough to make the 
horizontal line appear continuous. 

b. Rock the instrument along the horizon 
to chedc the alignment of the object and its re- 
flected image. U the line appears to wiggle, the 
mirrors are not exactly parallel. 

c. As an overall check on the adjustment 
of the mirrors, hold the stadimeter diagonally at 
a 45 angle and wobble the stadimeter as you 
sight the horizon. If there is a wiggle, the 
mirrors are not vertical to the frame or parallel 
to each other. Readjust according to previously 
outlined steps. 

LAYING OUT THE TRACK 

Several days before the start of an extended 
cruise, the navigator and his assistant should 
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Figure 7-8. Parallel adjustment of the horizon and index mirrors. 
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lay out the ship's proposed trade and submit 
it for approval to the commanding officer. Sub- 
mission of the track in advance ensures adequate 
time in which to make any recommended changes 
4* additions. 

The entire trade should first be laid out on 
a small-scale chart so that the entire cruise 
can be visualized. Points along the track (espe- 
cially near the approaches to land) should be 
measured and transferred to charts of succes- 
sively larger scales. This method is an aid in 
ensuring that (1) all the necessary charts for 
flie cruise are aboard; (2) aids to navigation 
and navigational dangers not shown on the 
smaller scale charts will be discovered; and (3) 
charts of the largest scale wiU be used in and 
around ports or harbors. 

Courses (and speeds, if known) should be 
indicated along each leg of the trade Points 
of departure and proposed turning points should 
be marked on appropriate charts. When possiMe. 
these points should be based on a range and 
bearing of a point of land. After approval of fiie 
proposed track, the charts should be arranged 
to the order in which ftey will be used and 
should be stowed so as to be readily accessible. 



MAINTENANCE AND MATERIAL 
. MANAGEMENT 

As leading petty officer/assistant navigator, 
you will be either fully or partially in charge-** 
of operation and maintenance of equipment used 
in the navigation department This section of 
the chapter discusses various reports and 
records required in connection with that respon- 
sibility. 

CUSTODY OF EQUIPAGE 

The Question of custody may prove baffling 
sometimes, but you must have a woikingknowl- 
edge of the various procedures concerned with 
custody if you are to carry out effectively your 
responsibilities as leading Quartermaster. 

As used in the Navy, custody relates to the 
physical possession of material and the assump- 
tion of responsibility for its use and care. 
Custody may be either actual or theoretical. To 
illustrate, fte department head hav&e theoret- 
ical custody is liable for such supply functions 
as procurement (from or through the supply 
cftteer), issue, and accounting for the material 
within Us department The depa r t m e nt having 
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actual custody or physical possession is respon- 
sible for the care and stowage of the material. 
It is with this latter duty that you are mainly 
concerned. 

Many ships have a custody card for every 
item of equipage shown in the allowance list 
for the navigation department, whether it actually 
is aboard or not 

The supply officer keeps a list of all equipage 
on board. When there is a change in department 
heads, the oncoming officer signs the custody 
cards and acknowledges receipt from the officer 
relieved. Division officers sign subcustody re- 
ceipts for division equipage, and then usually 
hold petty officers accountable in the same 
manner for items they receive. The person 
signing a custody receipt for any article must 
realize that he is personally responsible for 
that article, regardless of who has it in his 
immediate possession. Always bear in mind 
that loss of any article of equipage must be 
reported at once to your division officer. 

SURVEY OF EQUIPAGE 

A survey is the determination of the dis- 
position and expenditure from the stock records 
and accounts of naval material that has dete- 
riorated, been lost, damaged, stolen, or other- 
wise rendered unavailable for its intended use, 
under circumstances requiring administrative 
examination into the causes of the loss. 

Surveys may be either formal or informal. 
U disciplinary action is not called for in the 
circumstances—such as losses caused by 
weather, unavoidable breakage, wear, or other 
circumstances beyond control— or if the case 
presents no complications, it is customary for 
the commanding officer to order the department 
head to perform an informal survey. If it 
appears ttiat loss was due to neglect, careless* 
ness, or other culpability, however, the com- 
mandin g officer orders a formal survey, 
conducted by one officer or a three-member 
board headed by a commissioned officer. This 
officer or board attempts to fix responsibility 
for the loss. Disciplinary action, if warranted, 
may be taken against the responsible party or 
parties. 

Despite ft* circumstances, the end result 
of a s urvey is to provide a mettodfor removing 
unable or lost material from records so that 
ne w mater ial, not in eatcess of allowance, may 
be ordered. 



SHIPBOARD MAINTENANCE 

Maintenance of ships is divided into two 
broad categories: preventive maintenance and 
corrective maintenance. Preventive mainte- 
nance consists of routine shipboard procedures 
designed to increase the effective life of equip- 
ment or forewarn of impending troubles. Cor- 
rective maintenance includes procedures for 
analyzing and correcting material defects and 
troubles. The main objective of shipboard pre^ 
venttve maintenance is prevention of breakdown, 
deterioration, and malfunction of equipment. If 
this objective is not reached, however, the alter- 
native objective of repairing or replacing failed 
equipments-corrective maintenance— must be 
accomplished. 

Formerly, sidpboardpreventive maintenance 
programs have varied from one command to 
another, resulting in various degrees of opera- 
tional readiness. As you know, a uniform system 
is now used for scheduling, recording, reporting, 
and managing ship maintenance. This system, 
called the Standard Navy Maintenance and Mate- 
rial Management (3-M) System, is intended to 
upgrade the operational readiness of ships. 

Complete instructions on the 3-M system 
are contained in the Maintenance and Mater ial 
Management Manual (GpNav 43p2). Additional 
information on the 3-M system can be found 
to Military Requirements for pg Sftg, and 
Military Requirements for PO 1&C. Careful 
study of those three publications -will reveal 
that some ratings (such as Quartermaster) are 
much lees involved in the system than are others 
(e.g. Electronics Technicians). You must, bow- 
ever, be familiar with those portions of the 
system for which you are responsible. 

Planned Maintenance System Operation 

Planning and scheduling of preventive main- 
tenance are accomplished through the Planned 
M ai nt ena nc e System (PMS). Additionally, the 
PMS defines the minimum prevent i ve mainte- 
nance required, controls its performance, de- 
scribes methods and supplies to be used, and 
aids in prevention and detection of impemfiie 
casualties. These factors should prove lobe a 
definite asset to you in forecast!!* future 
material requirem e nts and in properly utOistiv 
available m anp owe r . 

The planned maintenance system is designed 
to provide the means by which each aMp, each 
department, and each supervisor is ettdged to 
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plan, schedule, and effectively control shipboard 
maintenance. In establishing minimum planned 
maintenance requirements for each equipment, 
the NavShips Technical Manual, manufacturer's 
technical manuals, and applicable drawings are 
critically examined. If preventive maintenance 
requirements are found to be unrealistic or un- 
clear, they are modified or revised before being 
incorporated into the PMS. 

It is possible that planned maintenance pre- 
scribed in the PMS may conflict with that laid 
down in other documents such as the NavShips 
Technical Manual. In such an event, the PMS 
supersedes and takes precedence over any doc- 
ument that may be in conflict with it All tests, 
inspections, and planned maintenance actions 
should ultimately be incorporated into the PMS. 

Planned Maintenance System Manual 

Each ship should have its own planned main- 
tenance system manual. When complete, the 
manual should contain a separate section for 
each department of the ship. This manual is 
used by the department head and maintenance 
group supervisors (leading petty officers) to 
plan and schedule maintenance for each group. 
Each departme nt 's section of the manual contains 
a list of effective pages and a section for each 
division or maintenance group within the depart- 
ment Each divisional section of the manual 
contain s index pages for each system, sub- 
system, or component that requires a planned 
maintenance action. These pages are referred 
to as maintenance index pages (MPs). Each 
MP gives a brief description of maintenance 
requirements and the frequency witt which main- 
tenance is to be effected. The frequency code 
is as follows: lVdafly, W-wecUy, M-montMy, 
Q-qpmrteriy, S-semianually, A-annally, C-once 
each overhaul cycle, and R-situatton require- 
ment (e.g., 100 hours of operation). 

An index page also includes the rate(s) 
recommended to perform a task, as well as 
average time required. Manpower available for 
performing maintenance Varies from one ship 
to another. For this reason, Information found 
on mpi regarfln g rates <^h ^ to ptrr- 
form a maintenance taek and toe a ve rage time 
take** for toe to* most have certain dar- 
fficatta n. Maintenance taefcs are actually per- 
t ormed by personnel amdhtte and enable, 
regardless of fte rattag listed on toe MOP. The 
eterage time n^sred, as listed on toe MIP, 
^ not take into consideration toe time needed 
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to assemble tools and material to accomplish 
the maintenance action nor the time necessary 
for cleaning the area and putting away tools 
at the end of the task. 

That portion of the PMS manual contain- 
ing maintenance index pages applicable to 
equipment under a specific division or main- 
tenance group is called the group mainte- 
nance manual, A copy of the group maintenance 
manual is kept as a ready reference in each 
working space affected. This copy is in 
addition to the one in the departmental PMS 
manual. 

Feedback Report 

Through the use of a feedback report 
(fig. 7-0), the planned maintenance system 
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enables correction of discrepancies in the 
system. A feedback report should be originated 
immediately by the person who discovers a 
discrepancy, if one i* found in the system as 
installed aboard ship. 

A feedback report is useful only if all 
information concerning the discrepancy is 
correct and complete, including the reason 
for any recommended change. Before forward- 
ing a feedback report to the appropriate systems 
command maintenance management field office, 
it should be checked for completeness and accu- 
racy by the division leading petty officer. 

WORK REQUESTS * 

Because most navigational instruments (op- 
tical equipment, timepieces, etc.) must be sent 
to repair activities for repair, it is desirable 
that you be familiar with procedures for making 
out work requests. The woxk request form 
(OpNav 47D0-2Q is a 4-sheet document present- 
ly used to request outside assistance from re- 
pair ships and tenders. It is planned that OpNav 
47D0-2C will also be used at a later date for 
requesting assistance from shipyards. Part I 
of the woxk request is Shown in figure 7-10. 



Part II of the work request is a continuation 
of part I and provides additional space for 
written descriptions, diagrams, and Sketches. 

Information to be given in block F (Descrip- 
tion/Remarks) of the work request includes 
name of component, CID number of component, 
and alteration number. If the alteration number 
is not applicable, it must be listed as N/A. 
Block F should also contain a description of 
existing defects and any repairs required on 
the component Information to be given in the 
other blocks of this form may be obtained from 
the Equipment Identification Code Manual (EIQ. 

The original sheet of the woik request is 
retained by the requesting activity; copies 2, 3, 
and 4 are forwarded to the assigned repair 
activity via the designated chain of command. 
Information concerning administrative proce- 
dures to be taken on woik requests by repair 
activities If given in chapter 4 of the 3-M 
Manual. 

When the woxk request is accepted by a 
repair activity, sheet 3 of the document is used 
as a Job order and is sent to the assigned work 
center. The assigned woxk center performing 
the job records maintenance data on work sup- 
plement cards. Any material obtained outside 
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of normal supply channels is recorded on the 
reverse side of the card. If more than one work- 
day is required to complete the action, or if 
ass i sting work centers are needed, the lead 
work center utilises additional work supplement 
cards provided for recording daily man-hours 
expended. (The lead work center has primary 
responsibility for completion of the task de- 
scribed on the work requested. ) 

On completion of a repair Job, sheet 3 of the 
work request is completed by the lead work 
center and is signed by the man who performed 
tne maintenance. An inspector from the request- 
ing activity, contacted for final inspection, signs 
off the work request After obtaining the signa- 
ture of the inspector, the lead work center 
supervisor forwards the completed work request 
td his division officer. 

Progress of Work 

As soon as work requests are approved at 
an arrival conference, Jobs requiring delivery 
to a tender should be started. Getting repair 
work started early is important for completion 
on schedule of all repair work. 

Progress of repair work should be checked 
to be certain that (1) Jobs are not delayed, (2) 
no Job is ov erl oo k ed or f orgotte n, and 0) an 
Jdbs undertaken are completed satisfactorily 
by fee end of an qpkeep period. 

You should know, at all times, fee progress 
of repair work in your spaces, and you should 
keep a careful check and estimate on the prog- 
ress of ship's force repair wmk, and check on 
the progress oftoe tender or repair ship detail. 

Repair strips and tenders usually assign a 
chief petty officer to be ship's superintendent 
me Arties regarding repair jobs are to set as 
liaison between skips alongside and the tender 
and coordinator of stop work for assigned ships; 
report *tfly to a representative of the com- 
manding officer of the strip to ensure flat work 
to progressing satisfactorily insofar as toe atrip 
is concerned; maintain a naming daily progress 
report or chart toot each Job; notify fee strip to 
pick up completed material on tbe tender; notify 
**ff* P«soonel to witness tests on repaired 
eip i lpme i it, and, on completion of Job orders, 
^ signatures from cognisant officers. 



Inspection Duties of Ship's force 



tospeeOon of work performed by a repair 
•cavity for a step is fee reapoaafeffl ty of bofe 
toe repair activity end fee tftfp. Arepair acttvtty 



makes inspections that will ensure proper execu- 
tion of fee work and adherence to prescribed 
specifications and methods. A strip makes any 
inspections feat are necessary, both during the 
progress of the work, and upon its completion, 
to determine if work is satisfactory. 

You should schedule your work so that you 
are free to inspect and check progress of ship- 
yardor tender work going on in your spaces 
or being performed on equipment for which 
you have responsibility of maintenance and up- 
keep. Before the Job is considered fully com- 
pleted, a check should be made to see if any 
required tests are made by the shipyard or 
tender. Any teste feat most be made by yard 
or tender personnel are listed on fee Job order. 

B any unsatisfactory work is being performed 
by shipyard personnel, leading QMs should follow 
instructions put out by fee ship's engineer 
officer. Talking over the problem in a friendly 
meaner with workmen usually solves any dif- 
ficulty, ff it doesn't, /fee Ovision officer should 
be notified, and be should request the navigator 
to take up problems of unsatisfactory work wife 
fee ship's superintendent 

MATERIAL HISTORY 

The material history tarnishes a record for 
each unit of equipment of an repairs, alterations, 
inspections, derangements, measurements 
taken, parts renewed, nameplate data, length 
of time units were used, file numbers of letters, 
and other pertinent data, to many instances, 
y ou will fi nd feat fee material history has been 
eliminated by planned maintenance and main- 
tenance data collection systems. 

ff fee material history is kept correct and 
H> to date, it Is an extremely valuable record. 
N e gl ec ti n g this record canses u nnec e ssa ry dtf- 
flaOttes and hardships in tryiig to run an 
adequate material maintenance program for fee 
na v igation department This history is of pri- 
mary importance to personnel who st*ervise 
W jwdr wo rk, it ateo is of considerable concern 
to supe rviso ry pers onnel responsible for main* 
tabling fee eptpment, be cau se feese records 
are inspected wben formal afeninistrative and 
m a teria l inspections are held onboard ship. 

remnlluny, fee material history is a series 
? «PP^rt«Wy called Material History 

Car* (KevShtps 527), which are made out for 
an 
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Current Ship's Maintenance Project 

The Current Ship's Maintenance Project 
(CSMP) serves as a check to make sure that no 
work item is overlooked. It also makes possible 
the orderly scheduling of work requests for an 
overhaul period, and ensures that the detailed 
information required for each repair Job is 
readily available. The CSMP items are written 
up for important Ship's force repair work as 
well as fo r repair ship, tender, and naval ship- 
yard work, rvr the navigation department, these 
CSMP records are prepared on the Repair 
Record Card (NavSUps 529 (blue)) and on Hie 
alteration Record Card (NavSUps 530 (pink)). 

When need for a repair item becomes ev- 
ident, or when an authorised alteration order 
is received, a CSMP card should be filled out 
and placed in the material history binder, be- 
hind the proper material history card. Wben 
c he c ki ng the material history, the distinctive 
colon of the CSMP cards make it a simple 
matter to see what is outstanding Wben toe work 
item is-eompleted and a proper notation is made 
on fee material history card, the CSMP card 
should be placed in a "completed woik n me. 

Wben your ship is scheduled for a repair 
availability, the CSMP work items are reviewed 
by the navigator to determ in e the relative im- 
portance of the work items. He fills out a Repair 
Request form (KavSUps 4951) for each item. AH 
the request forms from the various departments 
of your strip are then arranged in the order of 
priority, and imtvidnal work request numbers 
are assigned. Alfeoqgh fbe navigator and you 
may have decided previously on fee priority of 
the wo* to be pe rformed within your depart- 
ment, remember that fee commanding officer 



and engineer officer must take into account all 
fee repair work required in relation to the op- 
erating efficiency and mission of your ship. Thus, 
repair of one of your stadimeters may be 
number 1 priority for your department, but in 
relation to all the ship's repair woxk, it con- 
ceivably could be assigned an integrated priority 
number of 150. 

The repair record card is used to record 
all repairs pending. This card is inserted behind 
fee appropriate material history card. The blue 
colored tab extends above the history card. As 
soon as a repair item or Job becomes known, 
fee repair record card is filled out, gtvii* all 
fee required information. A separate card is 
made out for each item in need of repairs. These 
cards are kept on file until the indicated repairs 
are completed. 

The alteration record card is used to record 
an authorised alterations pending. While an al- 
teration is pending, fee card is placed behind 
fee material history card of fee unit affected, 
wife fee pink tab extending above fee top of the 
history card. Information inserted on this record 
card is obtained from fee Strip Alt (NavSUps 09), 
from fee NavSUps letters feat anfeorixe altera- 
tions equivalent to repairs, and also from any 
NavSUps letters feat may be r e cei ve d reganttng 
an alteration. Use of alteration record cards 
facilitates fee listing of r eq uir ed information 
for alterations in fee CSMP. In tarn, fee CSMP 
is maintained wife fee material history. 

Completed repair and alteration record cards 
are disposed of in accordance wife type com- 
mander Arectives. In fee near future the Planned 
Maintenanc e System will probably replace fee 
CSMP in its entirety. 
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RULES OF THE ROAD 



Tour study of the Quartermaster 3 & 2 train- 
ing course acquainted you with the International 
Regulations for Prevention of Collision at Sea 
(commonly called the International Rides of die 
Road) and the Inland Rules of the Road. As a 
senior Quartermaster, you should be cognizant 
of the regulations called pilot rules. 



INTERNATIONAL, INLAND, AND PILOT RULES 

The ge neral ride for establishing the bound- 
ary between international and inland waters is 
foond in Rules of the Road, faternaHn pal-iniand 
(CCM 69). Briefly, the rifle says Oat at buoyed 
entrances to risers, bays, harbors, etc, an 
imaginary line may be drawn through the outer- 
most buoy or other aid to navigation, appro** 
imately parallel to the shore. Waters inshore 
of this imaginar y line are inland; waters outside 
the line are i n t er n ati onal 

W aterborne craft in international waters 
most obey ftm International Rules of tfce Road, 
and those in inland waters must adhere to In- 
land Rules of the Rood and Pilot Rules. Inland 
Rules of fee Road apply to all United States in- 
land waters except those covered by Rules of fts 
Road-Western Krgrff (CCUitUj and Rides of 
Road-QreatL«fcea (CG-172). Both CG-184 and 
contain pilot Rules for the Western 
raws and the Great Lakes and their coonecttat 
and tributary waters, respectively. 

Preliminary proposals to unify the Inland, 
Great Lakes, and Western Rivers ndesof the 
road hare been drafted by the Coast Guard. 
Oace thew proposals are adopted, nearly an of 
tte uavfgatte waters of the United States wmbe 
i™wd by a sfa^ set c< rule s, and the ne- 
Sm?T menunm«^ Mvarat Afferent sets 
hut be rtlmiuated. 



PILOT RULES 

Pilot Rules for Inland Waters are listed and 
explained in CO 169, a copy of which is required 
to be kept available on all vessels over 65 feet in 
length. That pamphlet defines the areas covered 
by the inland pilot rules as: . .inland waters 
of the United States, except the Great Lakes and 
their connecting and tributary waters as far east 
as Montreal, the Red River of the North, the 
Mississippi River and its tributaries above Huey 
P. Long Bridge, and that part of the Atchaf alaya 
River above its Junction with the Plaquemine- 
Morgan City alternate waterway." Obviously, 
much of the area covered by Pilot Rules is die 
same as that covered by Inland Rules. The In- 
land Rules are statutes passed by Congress. The 
Pilot Rules, however, are regulations estab- 
lished and promulgated by the Commandant, UA 
Coast Guard to supplement the applicable rules. 
They may not conflict with Inland Rules. Any 
disagreement between die two sets of rules must 
be resolved in favor of the Inland Rules. 

DEFINITIONS 

Many of the terms used in die Pilot Rules are 
the same as those used in International and Inland 
Rules. They are repeated here for clarity and 
emphasis. 

Vessel: Every description of watercraft used or 
capable of being used as a means of trans- 
poratkm on the water. 

Steam vessel: Any vessel propelled by machin- 
ery. A vessel propelled by machinery, even 
though she may also be under saiL is con- 
sidered a steam 



Ubderway: A vessel te underway anytime she is 
not at a nchor, or made fast to the shore, or 
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Visible (in connection With lights): Capable of 
being seen on a dark night with a clear at- 
mosphere. 

Whistle: An appliance capable of producing tones 
whose length can be controlled, (For a steam 
vessel, a whistle or siren may be used. For 
a sailing vessel or a vessel being towed, 'a 
foghorn may be used.) In any event, the 
noisemaking apparatus used must be capable 
of producing blasts of the lengths required 
by the rules. 

Short blast: A blast on the noisemaking apparatus 
of about l-second duration. 

Prolonged blast: A blast on the noisemaUng ap- 
paratus of from 4- to 6-seconds 9 duration. 

Long blast: Not actually defined but generally 
considered to be a blast of from 8 to 12 
seconds 1 duration. 

Risk of collision: The converging of vessels at 
such an angle thatif one or both do not change 
course and/or speed, collision will result 

WHISTLE SIGNALS 

Unauthorised sounding of whistles is pro- 
hibited within any haxbor limits of the United 
States. Additionally, some ports have rules re- 
quiring sUps to obtain permission from SOPA 
before testing the whistle. 

The meanings of whistle signals under the 
Inland Pilot Rules are as follows: 



other, the ship in doubt must immediately sound 
the danger signal consisting of at least four 
short and rapid blasts on her whistle. 

The whistle signals for crossing, passing, 
meeting, or overtaking must be used only when 
steam vessels are in sight and will approach 
within 1/2 mile of each other. "In sight" means 
that the vessel, her position, and direction may 
be determined in the daytime by sight of the 
vessel herself, or at night by sight of the ves- 
sel 1 s running lights. In fog, mist, falling snow, 
or heavy rainstorms, when vessels cannot see 
each other, only fog signals may be sounded. 

MEETING HEAD AND HEAD 

Vessels are said to be meeting head and 
head, or end on, when they are on converging 
courses so as to involve risk of collision. The 
vessels must be so nearly head and head that 
(in daylight) each can see the masts of the other 
in a line with her own, or (at night) each vessel 
is in such a position as to see both side lights 
of the other. (See fig. 8-1.) The rule for meeting 
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• One short Mast signifies intention to direct 
the ship's course to her own starboard, except 
when two steam vessels are approaching each 
otter at right angles or obliquely, in which 
event one short blast means that the ship having 
the other to port intends to bold her course and 
speed* 

• Two short blasts of the wfatsfle indicate a 
ship's intention to direct her course to port. 

• Three short blasts of tte whistle mean that 
tte ship's engines are going full speed astern. 

Cross Ognals 

Cross signal means answering one blast 
from a ship's whistle with two Masts, or an* 
•wertng two Masts Witt one. Cross signals are 
specifically fortridden by tte Pilot Rules. When- 
ever a ship realises that cross signals have 
been exchanged between herself and another 
vessel, or if for any reason one approach^* 
Mp fails to understand tte intentions of tte 



Figure 8-1.— Vessels meeting head and bead. 



end on does not apply when one vessel sees 
another crossing her own course; nor does it 
apply when (at night) the red or green side light 
of one vessel is opposed to the red or green 
side light, respectively, of the other; or where 
both red and green lights are seen anywhere 
except dead ahead. (See fig. 8-2.) Obviously, if 
only tte green or red light (but not both) of a 
vessel can be seen, the vessels are not meeting 
end on; and if both red and green side lights are 
seen any place except dead ahead, it is not a 
head and head situation. 

When vessels are actually meeting head on. 
titter must sound one short blast on her whistle, 
which tte otter vessel must answer with one 
short Mast After tte exclave of these whistle 
signals, each ship adjusts her course so as to 
pass port to port 
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EACH VESSEL IS FAR ENOUGH TO 
STARBOARD OF THE OTHER TO PASS 
CLEAR WITHOUT CHANGING COURSE . 

c 


■*»»» 

EACH VESSEL IS FAR ENOUGH TO PORT 
OF THE OTHER TO PASS CLEAR WITH- 
OUT CHANGING COURSE . 

^ I 


i 

^ \ 

\ 
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EACH VESSEL SEES ONE f\ 
SIDE LIGHT OF THE OTHER \ \ 
BUT NOT BOTH. \ \ 


VESSEL B SEES VESSEL 1 
A'S RED AND GREEN SIDE | 
LIGHTS SOMEPLACE | 
OTHER THAN DEAD AHEAD. 1 

A ^> *■ B 
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Figure 8-2. -Vessels passing in other than head and head situation. 



When vessels on opposing courses are so 
far to starboard of each other Oat it cannot be 
considered a head and head situation, one of the 
vessels must immediately sound two short and 
distinct blasts on her whistle, and the other 
must answer with two blasts. The vessels may 
then pass starboard to starboard. 

BENDS, CURVES, AND LEAVING BERTHS 

Whenever a steam vessel approaches a short 
bend or curve in a channel and, because of the 
height of the banks or some oQier reason, she 
cannot see a vessel approaching from the op- 
posite direction for a distance of at least 1/2 
mile, she must-when she is wtfidn 1/2 mile of 
tte bend or curves-sound one long blast on her 
*Ua11e. Any vessel approaching the bend or 



curve from the opposite direction must answer 
such signal with a similar blast When these 
signals have been exchanged, the usual signals 
for meeting and passing should immediately be 
sounded and answered. B the original long blast 
is not answered, die ship that originated the 
signal is to consider the channel clear and 
govern herself accordiigly. 

Ships being moved from their dodfcs or 
bertts— when otter stripping is liable to pass 
close aboard-must sound one long blast on the 
whistle in the same manner as a strip nearing a 
bend or curve. 

Pilot Rules do not strictly define a "log 
Wast," but by tradition and usage it has come 
to mean a blast o f from 8 to 12 seconds' da* 
ration* iinu^ 
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RIGHT-OF-WAY 

The right-of-way of ships in inland or inter- 
national waters is discussed in the Quarter- 
master 3-2 training course. Right-of-way, priv- 
ileged vessel, burdened vessel, and in extremis 
are all terms used in connection with risk of 
collision. Under Inland and International Rules, 
right-of-way refers to the legal precedence 
which allows one ship (privileged) to pass ahead 
of, or cross in front of another (burdened) if 
she can do so without altering either her course 
or speed. The same meaning holds true for 
Pilot Rules. Further explanation of this term 
is given in ensuing paragraphs. 

Right-of-way connotes ships on converging 
courses, one of which must hold its course and 
speed until risk of collision is passed or the 
ships are in extremis. (In extremis actually 
means "in dire circumstances" or "at the point 
of death." In the Rules of the Road it is used to 
mean: at that point where action by the burdened 
vessel alone will not avert collision.) Several 
situations involving risk of collision are dis- 
cussed in this chapter. In each situation, re- 
member that it is the doty of the burdened ves- 
sel to keep out of the way of the privileged 
vessel except when in extremis, at which point 
each vessel is responsible for avoiding collision 
with the other. Unless actually in extremis, the 
privileged vessel must hold her course and 
speed. 

Crossing Situation 

Whenever two steam vessels are approaching 
each other at right angles or obliquely, so as 
to involve risk of collision, the vessel that is 
to starboard of the other is privileged and must 
hold her course and speed. The vessel to port, 
then, is burdened and must maneuver to avoid 
collision with the privileged vessel. This ma- 
neuvering is usually accomplished by altering 
course to starboard, in order to pass astern of 
the privileged vessel. When a change of course 
alone is not sufficient action {or if a course 
change is impracticable under existing circum- 
stances), the burdened vessel must slacken her 
speed, stop, or reverse her engines. 

Overtaking Situation 

An overtaking situation exists whenever two 
steam vessels are proceeding in the same, or 



nearly the same, direction and the vessel that 
is astern desires to pass the vessel that is 
ahead. In this usage, astern means that the 
overtaking vessel is more than 2 points abaft 
the beam of the forward vessel. In overtaking 
situations the overtaking vessel is always bur- 
dened and has the onus of keeping clear of the 
overtaken vessel. 

If the overtaking vessel desires to pass the 
vessel ahead on that vessel's starboard side, 
she must indicate this desire by sounding one 
short blast on her whistle. If the vessel ahead 
answers by sounding one short blast, the over- 
taking vessel may alter her course and pass to 
starboard. If the overtaking vessel desires to 
pass to port, she must indicate this desire by 
sounding two short blasts on the whistle. If 
the vessel ahead answers with two short blasts, 
the overtaking vessel may pass to port (See 
fig. 8-3.) 

Whenever the vessel ahead (privileged) con- 
siders it unsafe for the overtaking (burdened) 
vessel to pass at that point, she immediately 
indicates that fact by sounding the danger signal. 
When the danger signal has been sounded, the 
burdened vessel must make no further attempt 
to pass the ship ahead until the ship ahead con- 
siders it safe to do so, and signifies this fact 
by sounding one or two blasts on her whistle. 

NOTE: Because a vessel cannot always tell 
with certainty whether she is more 
than 2 points abaft the beam of another 
vessel, she should resolve all ques- 
tionable situations or conditions of 
doubt by assuming herself to be an 
overtaking vessel and govern herself 
accordingly. 

Steam and Sailing Vessels 

The Pilot Rules state quite clearly thatwhen 
a steam vessel and a sailing vessel approach 



112*98 

Figure 8-3. -Steam vessel overtaking from 
more than 2 points abaft the beam. 
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each other so as to involve risk of collision, 
the steam vessel is burdened and must keep 
clear of the sailing vessel. In obeying this rule, 
however, consideration must be given to article 
20 of the Inland Rules of the Road and to part 
80.6(b) of the Pilot Rules. Article 20 says, in 
part: "This rule shall not give to a sailing ves- 
sel the right to hamper, in a narrow channel, 
the safe passage of a steam vessel which can 
navigate only inside that channel." Part 80.6(b) 
says, in effect, that any vessel, regardless of 
its description, overtaking another vessel is 
burdened and must keep clear of the privileged 
vessel. 

In applying the rules concerning steam and 
sailing vessels where risk of cdilision is in- 
volved, it must be remembered that sailing ves- 
sels always have the right-of-way over steam 
vestftds except (1) when in a narrow channel 
outside which the steam vessel cannot operate 
and (2) when the sailing vessel is overtaking 
the steam vessel. 

DEPARTURE FROM RULES 

Both the International and Inland Rules of 
the Road have what is known as a General Pru- 
dential Rule. The Inland Pilot Rule covering the 
same subject is part 80.11-Departure from 
Rules. The wording of the rules differs, but the 
meaning in each one is identical. The Pilot Rule 
concerning departure from the rules is quoted. 

"In obeying and construing the rules in 
this part due regard shall be had to all 
dangers of navigation and collision, and to 
any special circumstances which inlay render 
° a departure from said rules necessary in 
order to avoid immediate danger." 

The effect of the Pilot Rule version is to 
preclude a privileged vessel's escaping respon- 
sibility for standing into an obvious danger 
when a. departure from the letter of the rules 
would have avoided the danger. Remember, when 
in extremis both vessels are burdened. 

CONDUCT IN FOG 

Like the International and Inland Rules of 
the Road, the Pilot Rules for; InlandWaters have 
spefcial rules governing the actions of vessels 
when they are in fog. In the foUowing discussion, 
the word "log" is used to mean visibility re- 
duced by fog, mist, falling snow, or heavy rain. 
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The rules pertaining to fog are applicable both 
during daylight and at night. 

Fog Signals 

When a steam vessel is underway in fog, 
except when she is towing another vessel, or 
herself being towed, she must soundaprolonged 
blast on her whistle at intervals not to exceed 
1 minute. 

When a steam vessel is towing other vessels 
she must sound one prolonged blast on her 
whistle, followed in succession by two short 
blasts. The interval between each series of three 
blasts must not exceed 1 minute. 

When a vessel is being towed, she may sound 
on her foghorn one prolonged and two short 
blasts at intervals not to exceed 1 minute. A 
vessel being towed must not give any other signal. 

When a vessel is anchored in a fog she must 
rapidly ring her bell for about 5 seconds. The 
interval between bell signals must not exceed 
1 minute. Though not a requirement of the rules, 
U.S. Navy ships frequently ring the bell the 
number of times that corresponds to the shin's 
hull number. 

Speed in Fog 

The rules require that in a fog, every steam 
vessel must proceed at a moderate speed, having 
careful regard for the existing circumstances 
and conditions. The terms "moderate speed" and 

existing circumstances and conditions" are 
vague, but their meanings must be determined 
in each case either by the ship's commanding 
officer or. by the conning officer. (Inasmuch as 
radar cannot always be depended upon to detect 
small objects in the water, a ship is not relieved 
of her responsibility for consequences result- 
ing from her reliance or on radar information 
alone. A ship using radar might, infact, consider 

moderate speed" to be slower than a ship not 
so equipped because the ship having radar might 
detect objects that would not be visible to a 
mariner not having radar.) One f requently used 
criterion is to proceed at a speed that will per- 
mit the ship to be stopped in half the distance 
of visibility. If such a rule were used on all 
ships, each ship would be able to take her way 
off in time to avoid collision with other ships 
whether they were anchored or underway. 

-■ ■ ., Regardless of the speed at which a ship is 
traveling, she is required by the* rules to stop 
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her engines— if permitted by the circumstances 
to do so— any time she hears the fog signal of 
another vessel apparently forward of her beam, 
and the actual location of the vessel originating 
the signal cannot be ascertained. After stopping 
her engines, the ship must navigate with caution 
until danger of collision is over. 

NAVIGATION LIGHTS 

In general, the navigation lights for ships 
underway in pilot waters are the same as the 
lights required for vessels of similar class 
under the Inland Rules of the Road. That is: 
a green light on the starboard side fitted with 
screens so that it cannot be seen across the bow 
on the port side nor more than 2 points abaft the 
beam on the starboard side; a red light on the 
port side fitted with screens so that it cannot 
be seen across the bow on the starboard side nor 
more than 2 points tbaft the beam on the port 
side; and white lights on the centerline of various 
arcs of visibility. 

Before going into specific details concerning 
the lights to be shown in pilot waters, a few 
general comments on lights are appropriate. 

1. All so-called "navigation lights" must be 
shown in all weathers between sunset and sun- 
rise. 

2. The carrying of any light not required by 
law, which might *e confused with the lights 
required by the Pilot Rules, is prohibited. 

3. Flashing the rays of a searchlight or other 
blinding light onto the bridge or into the pilot- 
house of any vessel underway is prohibited. All 
floodlights or headlights that may interfere with 
the proper navigation of another vessel must be 
so shielded that they will not blind the pilot of 
such vessel. 

4. Unless otherwise indicated, the colored 
lights mentioned in the succeeding topics must 
be visible on a dark night with clear atmosphere 
for a distance of at least 2 miles, and the white 
lights must be visible for at least 5 miles. 

Ferryboats 

Steam-driven ferryboats in pilot waters must 
carry the same range lights and colored side 
lights required by law for other vessels. An 
exception to this rule is double-end ferryboats, 
which must carry a central range of white lights 
showing all around the horizon. (See fig. 8-4.) 
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Figure 8-4.-Double-end ferry. 

These white lights must be at equal heights 
above the uppermost deck forward and aft 

Lights for Nondescript Vessels 

The term "nondescript vessels" is used in 
this topic to include barges, canalboats, scows, 
carfloats, lighters, and vessels not otherwise 
provided for. Different arrays of lights as out- 
lined in succeeding paragraphs must be displayed 
by nondescript craft, depending on the particular 
pilot waters in which the craft are operating. 

• On the harbors, rivers, and other inland 
waters of the United States, except the Great 
Lakes and their connecting and tributary waters 
as far east as Montreal, the Red River of the 
North, the Mississippi River and its tributaries 
above the Huey P. Long Bridge, and that part ; 
of the Atchafalaya River above its junction with j 
the Plaquemine-Morgan City alternate water- i 
way, nondescript vessels being towed by steam 
vessels must display the following lights: 

1. Barges and canalboats towing astern of 
a steam vessel, either singly or in tandem, must i 
each carry a green light on the starboard side, 
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a red light on the port side, and a white light on 
the stern. The white light mustbe a 12-point light 
showing from dead astern to 6 points on either 
side. It must be visible for at least 2 miles. 
When more than one vessel is being towed, as 
in figure 8-5, the last vessel of the tow must 
carry two lights on her stern, athwartships, 
horizontal to each other, not less than 5 faet 
apart and at least 4 feet above the deckhouse. 
These two lights must be visible all around the 
horizon. When the tow consists of only one vessel, 
that vessel must be lighted as though it were 
the last vessel of a group. 

2. When two or more boats are towed abreast, 
the colored lights must be carried on the out- 
board bows of the outermost boats. Each of the 
outboard boats in the last tier of a hawser tow 
must carry a white light on her stern. (See 
fig. 8-6.) 

3. When nondescript craft are being towed 
alongside a steam vessel and the height of the 
tow obscures the side lights of the towing ves- 
sel, the outboard vessel of the tow must carry 
side lights appropriate to the side on which they 
are being towed: green if to starboard and red if 
to port 

4. Nondescript vessels being pushed ahead 
of steam vessels display a green light on the 
starboard bow aad a red light on the port bow 
of the lead vessel. If more than one vessel is 
abreast, the colored lights are displayed from 
the bow of the outermost vessel(s). Regardless 
of the number of vessels in the tow, the side- 
lights must be high enough above the super- 
structure to be visible. As usual with colored 
side lights, those mentioned in this and pre- 
ceding paragraphs must be fitted with screens 



that prevent their being seen across the bow or 
more than 2 points abaft the beam on their re- 
spective sides. The minimum size cf glass globes 
used for these lights must be not less than 6 
inches in diameter and 5 inches in height 
5. Scows and other nondescript craft not 
otherwise provided for in this topic must carry 
a white light at each end. If the scows are massed 
in tiers, two or more abreast, each of the out- 
side scows must carry a white light on the outer 
bow. Additionally, the outside scows in the last 
tier must each carry a white light on the outer 
part of the stern. The lights must be 32-point 
lights, at least 8 feet above the surface of the 
water. 

• Nondescript vessels operating on the Gulf 
Intracoastal Waterway and on other inland waters 
connected therewith or with the Gulf of Mexico 
from the Rio Grande, Texas to Cape Sable 
(East Cape), Florida must, when being towed, 
carry the lights specified as follows: 

1. When nondescript vessels are being 
pushed ahead of the steam vessels or are in 
tow through a combination of being pushed ahead 
and towed alongside, they must be lighted by an 
amber light at their extreme forward ends. The 
tow must also show a green and a red light The 
amber light must be, as nearly as practicable, 
on the tow's centerline, and the green and red 
lights must mark the maximum projection of 
the tow's starboard and port sides, respectively. 

2. When nondescript vessels are being towed 
alongside a steam vessel, they must display a 
white light from each of their outboardcorners. 
If one or both of the towing vessel's side lights 
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Figure 8-5.-A tow in tandem. 
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Figure 8-6.— Barges abreast in tiers. 



are obscured by the deck, deckhouse, or cargo 
of the tow, then a light of the appropriate color 
must be exhibited from the tow (outboard tow 
if the tow consists of more than one vessel); 
i.e., green to starboard and red to port 

3. When one vessel of nondescript type is 
being towed singly by a steam vessel) the ves- 
sel towed must carry four white lights, one on 
each of its corners or at the outermost pro- 
jection on each side. When more than one such 
vessel is being towed in tandem behind a steam 
vessel with a hawser 75 feet or more in length, 
the tows must carry white lights ad follows: 

a. The first vessel must carry one light 
on each corner or outermost projection of the 
bow and one light at the stern amidships. 

b. Vessels between the first and last 
vessel must carry one white light at each end 
amidships. 

c The last vessel of the tow must carry 
a light amidships at the bow and one light at 
each corner or outermost projection of the stern. 

When two or more nondescript vessels are 
being towed in tandem behind a steam vessel 
and the length of the tow between vessels is less 
than 75 feet, such vessels must carry white 
lights as follows: 

a. The first vessel in tow must carry 
three white lights, one light on each corner or 
outermost projection of the bow and one light 
at tfie stern amidships. 

b. Intermediate vessels carry a light at 
the stern amidships. 



C80.122 



c. The last vessel of the tow must carry 
one light on each corner or outermost projection 
of the stern. 

4. When nondescript vessels, not otherwise 
provided for are being towedbehind a steam ves- ! 
sel two or more abreast, regardless of the 
number of tiers, the outermost vessel in each 
tier must carry a white light on the outboard 
corner of the bow. Additionally each of the out- j 
ermost vessels in the last tier must carry a 
white light on the outboard corner of the stern. 1 

5. When nondescript vessels not otherwise j 
provided for are moored in or near a fairway, j 
they are required to carry two white lights at 
least 4 feet above the surface of the water, \ 
as follows: j 

a. On a single nondescript craft, a light j 
at each outboard or channelward corner. 

b. On nondescript craft moored in a 1 
group, a light on the upstream outboard or } 
channelward corner of the outer upstream craft, j 
and a light on the downstream outboard or { 
channelward corner of the outer downstream 
boat. Any craft projecting from the group toward 
or into the channel must have two white lights 
similarly placed on its outboard or channelward 
corner. 

6. The colored side lights mentioned in this 
topic must be screened so as not to show more 
than 1/2 point across the bow of the tow. The 
amber light must be a 20-point ?.ight, showing 
from dead ahead to 2 points abaft the beam on 
each side and visible for a distance of at least 
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2 miles. The white lights must be visible all 
around the horizon for a distance of at least 2 
miles. Except where previously indicated, all 
the lights must be carried at approximately 
the same height above the surface of the water, 
and should be clear of all obstructions which 
might fetid to interfere with the prescribed arc 
or distance of visibility. 

Nondescript vessels frequently are towed 
into or through waters where the rules for tow- 
ing lights differ from the rules for the waters 
in which the vessels normally operate. In such 
an instance, the rules do not require the tows » 
to change their lights while in transit On the 
other hand, if the craft engage v in local employ- 
ment on waters requiring different lights from 
those where they customarily are employed, 
the craft must comply with the local rules for 
lights. 

• Nondescript craft being towed by steam ves- 
sels on the waters of the Hudson River and its 
tributaries from Troy to the boundary lines of 
New York Harbor off Sandy Hood, the East River 
and Long Island Sound (and the waters entering 
thereon, and to the Atlantic Ocean), to and in- 
cluding Narragansett Bay, R.L, and tributaries, 
and Lake Champlain, must carry the lights de- 
fined as follows: 

1. Nondescript vessels being towed singly 
(as in fig. 8-7) astern of steam vessels must 
carry a white light on the bow and a white light 
on the stern. 
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Figure 8-7.— Nondescript vessel being 
towed singly. 

. ■ L " 

2. Nondescript vessels being towed in tandem 
with a hawser length between vessels of less than 
75 feet must each carry^ white light on the 
stern. Moreover, the first hawser boat must 
carry a white light on its bb*. (See fig. 8-8.) 

When towing in tandem and the hawser 
length between the various craft of the tow is 
75 feet or more, each craft except the last 
craft in tow must carry a white light on the bow 
and a white light on the stern. The last vessel 
of the tow must carry a white light on the bow 
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Figure 8-8. -Tandem tow with hawser length 
less than 75 feet 

and two white lights on the stern. The two stern 
lights must be at least 5 feet apart and 4 feet 
above the deckhouse, placed so as to show all 
around the horizon. (See fig. 8-9.) 

Seagoing nondescript vessels are not re- 
quired to make any change in their seagoing 
lights on waters coming within the scope of this 
section except that the last vessel of a tow must 
carry two white lights on her stern, Just as do 
vessels that customarily operate in those waters. 

3. Nondescript craft towed astern in one tier, 
two or more abreast, must each carry a white 
light on the stern; further, each of the outside 
vessels must carry a white light on the bow. 
(See fig. 8-10.) 
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Figure 8-9.— Tandem tow with hawser length 
75 feet or more. 
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Figure 8 -10. -Towing astern, two or more 
abreast in one tier. 



When vessels are towed in tandem, two 
or more abreast and in more than one tier 
every vessel of the tow must carry a white light 
on the stern. Additionally, the outside vessels 
in the first tier must each carry a white light 
on the bow. (See fig. 8-11.) 

The bow lights referred to herein must 
be between 10 and 30 feet abaft the stem or 
extreme forward end of the vessel. Nondescript 
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vessels required to show both a bow and a stern 
white light must have these lights so placed that 
they show an unbroken light all around the 
horizon, visible for a distance of at least 2 



miles. 
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Figure 8-ll.-Two or more abreast in multiple 
tiers. 



4. Nondescript vessels being towed alongside 
a steam vessel must have a white light dis- 
played at each of the outboard corners. 

5. The head barge or barges of a tow must 
display green and red side lights on their star- 
board and port sides, respectively. The side- 
lights,, as usual, must be 10-point lights, so 
screened as to make them visible from dead 
ahead to 2 points abaft the beam on the appro- 
priate side. 

6. Dump scows (used in transporting and 
disposing of garbage, trash, and other waste 
material) navigating on the Hudson River or 
East River or their tributaries must, when 
towing in tandem, carry 10-point red and green 
side lights on the appropriate sides, not less 
than 8 feet above the highest deckhouse, and in 
addition thereto, must carry the white light 
that overtaken vessels are required to show. 
These lights must be shown in lieu of the white 
lights described for other nondescript vessels. . 
This rule for scows applies only between loading 
points and dumping grounds. 

Nondescript vessels in tow of steam ves- 
sels passing through these waters are not re- 
quired to change from their normal lighting 
arrangement while in transit but must, if they 
engage in local employment, comply with all 
requirements for lights in the area while locally 
employed. 

VESSELS UNABLE TO MANEUVER, 
OR MANEUVERING WITH DIFFICULTY 

The rules given in ensuing topics are ap- 
plicable on the harbors, rivers, and inland 



waters along the Atlantic and Pacific coasts, 
and the coast of the Gulf of Mexico. Similar 
regulations exist to cover craft on the "western 
rivers" and craft on the Great Lakes. 

Vessels Towing Submerged Objects 

When a vessel is towing a submerged or 
partially submerged object by hawser and no 
signal can be displayed from the object being 
towed, the tow must display the following signals: 

• By day: Two shapes, one above the other, 
not less than 6 feet apart, with the lower shape 
at least 10 feet above the deckhouse. Each of ; 
the shapes must be in the form of a double 
frustrum of a cone, base to base, not less than 
2 feet in diameter at the center. The ends of 
the cones must be at least 8 inches in diameter, 
and the shapes must be at least 4 feet in length. 
The upper of the two shapes is to be painted in 
alternate horizontal black and white stripes 8 
inches wide, and the lower shape is to be painted 
a solid bright red. (See fig. 8-12.) 

• By night: The regular red and green side 
lights. Instead of the regular white towing lights, 
however, the towing vessel displays four lights 
vertically, 3 to 6 feet apart The upper and lower 
lights are white; the two middle lights are red. 
If these towing lights are 20-point lights carried i 
forward on the towing vessel, an additional all- 1 
around after range light is proper. Usually, ! 



STRIPED 
BLACK AND 
WHITE 




< ^r^ : -^r>^V -^-^^ ^^'^V: 112.58 
Figure 8-12.— Day shapes for vessel with 
submerged tow. 
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however, the special towing lights are carried 
aft and are visible all around the horizon. 

Mooring Over or Alongside Wrecks 

The discussion in this topic refers to steam 
vessels, derrick boats, lighters, or other types 
of vessels made fast alongside a wreck, or 
moored over a wreck that is on the bottom or 
partly submerged, or which may be drifting. 
When such an operation is taking place, the 
craft involved must display— 

• By day: Two shapes of the same character 
and dimensions as are displayed by a vessel 
towing a submerged object, except that both 
shapes must be painted a solid bright red. If 
more than one vessel is engaged in the operation, 
the shapes need be shown from only one vessel 
on each side of the wreck ;rom which they can 
best be seen from all directions. 

• By night: A white light from the bow and 
stern of each outside vessel or lighter. These 
white lights must be at least 6 feet above the 
deck. Additionally, there must be displayed, 
where they can best be seen from all directions, 
two red lights in a vertical line, 3 to 6 feet 
apart, and at least 15 feet above the deck. Refer 
to figure' 8-13. 

Stationary Dredges 

Dredges that are held in stationary position 
by moorings or spuds must, during daylight, 
display two red balls not less than 2 feet in 
diameter. The balls must be carried in a vertical 
line, 3 to 6 feet apart, at least 15 feet above the 
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Figure 8-13.— Vessel made fast over a wreck. 



deckhouse and in a position where they can best 
be seen from all directions. At night they must 
display a white light in each corner at least 6 
feet above the deck. In addition to the lights 
just described, two red lights must be displayed 
in a position where they can best be seen from 
all directions. (See fig. 8-14.) The red lights 
must be in a vertical line 3 to 6 feet apart and 
at least 15 feet above the deck. When scows are 
moored alongside a dredge in this situation, 
each scow must display a white light on each 
outboard corner, at least 6 feet above the deck 
and visible for at least 2 miles. 
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Figure 8-14.— Stationary dredge. 



Dredges Underway 

Dredges underway and engaged in dredging 
operations, including maneuvering into and out 
of position at the dredging sight must, by day, 
display two black balls at least 2 feet in diameter. 
The blade balls must be carried in a vertical 
line, 3 to 6 feet apart, and in such position as 
can best be seen from all directions. 

The rules for lights to be shown by dredges 
at night differ, depending on whether the dredge 
is self-propelled or being pushed ahead by a 
towboat At night, a self-propelled dredge must 
carry her regular running lights, and in addition, 
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two red lights in a vertical line beneath the 
white mastL'£ad light These three lights must 
be of the same character. The upper red light 
must be 3 to 6 feet below the masthead light, 
and the red lights must be 3 to 6 feet apart On 
or near the stern, two additional red lights 
must be displayed vertically. These stern lights 
must show through 12 points, from dead astern 
to 6 points on either quarter, and they too must 
be 3 to 6 feet apart 

A non-self-propelle4 dredge underway and 
engaged in dredging operations at night must 
while being pushed ahead of a towboat, be con- 
sidered along with the towboat as a single ves- 
sel. The foregoing statement is applicable in 
connection with the showing of lights and shapes. 
This vessel must carry the lights prescribed 
for a self-propelled dredge except that the dredge 
and towboat must carry the sidelights normally 
required by a barge being pushed ahead and a 
vessel towing, respectively. When this unit is 
not engaged in dredging, the usual lights for 
towing and being towfed must be displayed. 



Cable Laying, Excavation, Bank Protection, Etc 

The day and night signals discussed in this 
topic are to be used by vessels that are moored 
or anchored and are engaged in laying cables 
or pipes, submarine construction, excavation, 
mat sinking, bank grading, dike construction, 
revetment, or other bank protection. By day 
vessels engaged in such operations mustdisplay 
two balls not less than 2 feet in diameter. The 
balls must be in a vertical line, 3 to 6 feet 
apart, at least 15 feet above the deck, and 
located where they can best be seen from all 
directions. The upper ball must be painted in 
alternate blade and white vertical stripes 6 
inches wide; the lower ball must be painted a 
solid bright red. (See day signal, fig. 8-15.) 

Vessels engaged in the aforementioned op- 
eration at night must carry three red lights in 
a vertical line, 3 to 6 feet apart, as shown in 
the nighttime view of figure 8-15. The lowermost 
light must be at least 15 feet above the deck 
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Figure 8-15.-CaMe laying, excavation, etc. 
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and placed in a position where the lights can 
best be seen from all directions. When a string- 
out of moored craft is engaged in these op- 
erations, the red lights must be displayed from 
the channelward end at the stringout If the 
stringout crosses the navigable channel and must 
be opened to allow vessels to pass through, the 
three red lights must be displayed at each*side 
of the opening, rather than at the outboard end 
of the string* On a stringout there must also 
be displayed a row of amber lights at least 6 
feet above the deck (or deckhouse if the craft 
has a deckhouse) in such position that they can 
best be seen from all directions. The amber 
lights must be placed no more than 50 feet apart 
so as to distinctly mark the entire length and 
course of the stringout 

Pipelines 

Pipelines attached to dredges, and either 
floating or supported by trestles must display 
at night a row of amber lights along Up entire 
course. The lights must be 8 to 12 feet above 
the water and about equally spaced. If the pipe- 
line crosses a navigable channel, the interval 
between lights near the crossing point must be 
no more than 30 feet 

At the shore or discharge edds of pipelines, 
two red lights must be displayed in a vertical 
line, 3 feet apart The lower of the two lights 
must be at least 8 feet above the water. If there 
is an opening in the pipeline for the passage 
of vessels, a similar arrangement of red lights 
must be displayed on each side of the opening. 

Vessels Moored or at Anchor 

Any vessel more than 65 feet in length must, 
when anchored in a fairway or channel, display 
one black ball not less than 2 feet in diameter. 
The ball must be displayed between sunrise 
and sunset in the forward part of the vessel and 
in a position where it can best be seen from 
other vessels. 

Rafts and Other Craft 

Any vessel propelled by hand power, horse- 
power, or by the current of the river (except 
rafts and rowboats) must carry one 32-point 
white light forward on the vessel. The light must 
be at least 8 feet above the surface of the water 
and must be visible for a distance of at least 
lmile. 



Any raft being propelled by one of the methods 
mentioned in the preceding paragraph, or while 
anchored or moored in or near a channel or 
fairway must carry 32-point white lights, visible 
at least 1 mile, as indicated in the following 
listing. 

1. A raft of one crib width (fig. 8-16): One 
light at each end of the raft 

2. A raft of more than one crib width: Four 
lights, one at each outside corner. 

3. An unstable log raft of one bag or boom 
in width flig. 8-17): At least two but not more 
than four lights aligned fore and aft with one of 
the lights on each end. 

4. An unstable log raft of more than one bag 
or boom in width: Four lights, one at each out- 
side corner. These lights may be closely grouped 
in clusters of not more than three lights, rather 
than a single light ~ 

The white lights discussed in this section 
must be displayed from sunset to sunrise. The 
lights for rafts must be suspended from poles 
high enough that the lights will be at least 8 
feet above the surface of the water. Unstable 
rafts are an exception to this rule; their lights 
need be only 4 or more feet above the water. 



FLOATING PLANT 

The craft referred to in this topic include 
dredges, derrick boats, snag boats, drill boats, 
piledrivers, maneuver boats, hydraulic graders, 
survey boats, working barges, and mat sinking 
plant To avoid repetition of each type, allot the 
craft mentioned are referred to as "floating 
plants." 

Signal for Passing 

Vessels intending to pass a floating plant 
that is working a navigable channel must indicate 
such intention by one long blast of the whistle. 
The signal should be sounded when the vessel is 
within a reasonable distance of the plant but no 
farther distant than 1 mile. The passing vessel 
is directed to the proper side for passage by 
the plant? s sounding of the signal prescribed in 
local pilot rules for vessels approaching each 
other from opposite directions. The approaching 
ship answers the plant's signal in the usual 
manner. If the channel is not clear, the floating 
plant sounds the danger signal and the 
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Figure 8-16. -Raft of one crib width. 
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Figure 8-17.-Bag or boom of logs. 



approaching ship must slow down or stop and 
await further signal from the plant 

When the pipeline from a dredge crosses 
the channel so that vessels cannot safely pass 
around it, the dredge must immediately sound 
the danger signal, and upon hearing the signal, 
the passing vessel must slow down or stop and 
await further signals from the dredge. The pipe- 
line must then be moved and the channel cleared 
as soon as practicable. When the channel is clear 
for passage, the dredge so indicates by sounding 
the usual passing signal. The approaching ves- 
sel must answer with a corresponding signal 
and pass promptly. After the dredge gives the 
signal that the channel is clear, the dredge must 
straighten out within the cut for the passage of 
the vessel. 

Speed When Passing 

Vessels either with or without a tow must, 
when passing a floating plant, proceed at such 
a speed as to ensure the safety of both the plant 
and themselves. When vessels pass within 200 
feet of a floating plant, their speeds must not 
exceed 5 knots. While passing over lines of a 
floating plant, propelling machinery must be 
stopped. Vessels whose draft permits mustkeep 
outside of the buoys marking the ends of moor- \ 
ing lines of floating plants working in channels. 

Aids to Navigation 

- Floating plants working in navigable channels ! 
must mark their breast, bow, and stern anchors ! 
byjbarrels or other suitable buoys. Vessels are j 
foroldden to run over or anchor on the range of r 
anchor buoys, or buoys, stakes, or other marks 
placed for the guidance of floating plants. Upon 
the approach of a vessel, adjacent buoys may 
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be indicated to the vessel by shining a beam of 
light on successive buoys until the vessel has 
passed. As an alternative, buoys may be lighted 
by a red light, visible in all directions for a 
distance of at least 2 miles. This rule is not 
applicable in certain areas of New York Harbor 
and adjacent waters. 

Obstruction of Channel 

Floating plants are forbidden to obstruct a 
channel unnecessarily. Whenever vessels are 
passing a floating plant that has lines running 
from the plant, across the channel on the pass- 
ing side, the lines must be slackened to the 
bottom of the channel if necessary to prevent 
interference with or obstruction of navigation. 

When special or temporary regulations are 
not prescribed, and none of the methods men- 
tioned previously will permit a vessel to safely 
pass a floating plant in a narrow channel, the 
entire plant must move a sufficient distance out 
of the way to allow clear passage. In such cir- 
cumstances, however, a vessel requiring pas- 
sage must give the master of the floating plant 
ample advance notice of the time she expects 
to pass. 



SPECIAL DAY OR NIGHT SIGNALS 

The Pilot Rules for Inland Waters lists three 
situations under the heading "Special Day or 
Night Signals": vessels fishing with gear out; 
vessels employed in hydrographic surveying; 
and Coast Guard vessels handling or servicing 
aids to navigation. It should he noted that the 
signals for fishing vessels are mandatory; some 
of the signals for hydrographic surveying are 
mandatory and others are optional; and the 
signals for vessels handling aids to navigation 
are optional. 

Fishing Vessels 

All vessels fishing with nets, lines, or trawls 
must, when underway during daylight, indicate 
their occupation to approaching vessels by dis- 
playing a basket where it can best be seen. If 
an anchored fishing vessel has its gear out, 
it must display— on the approach of another ves- 
sel— the basket in the direction from the anchor 
back toward the nets or gear. 



Vessels Employed in Hydrographic Surveying 

Special signals are prescribed for vessels 
of the Coast and Geodetic Survey when actually 
engaged in hydrographic surveying operations. 
By day, vessels so employed may show, where 
they can best be seen, three shapes in a vertical 
line. The shapes must be at least 2 feet in di- 
ameter, the highest and lowest of which must be 
globular in shape and green in color, and the 
middle one must be diamond-shaped and white. 

When at anchor in a fairway, surveying ves- 
sels must, during daylight, display two black 
balls not less than 6 feet apart. At night, two 
red lights must be displayed in the same manner. 
The distance between the lights or between the 
balls may be reduced to 3 feet on vessels so 
small as to make such placement necessary. 
The vessels must also have at hand a flareup 
light, to be shown when necessary to attract 
attention. 

Coast Guard Vessels 

While engaged in handling or servicing nav- 
igational aids during daylight, Coast Guard ves- 
sels may display two balls from the yardarm. 
The balls must be painted with orange and white 
vertical stripes. They must be suspended one 
below the other 3 to 6 feet apart. At night these 
vessels may display, where they can best be 
seen, two red lights in a vertical line 3 to 6 feet 
apart. 

Any vessel passing a Coast Guard vessel that 
is displaying one of the signals described in the 
preceding paragraph must reduce her speed 
sufficiently to ensure the safety of both vessels. 
When passing within 200 feet of a vessel dis- 
playing either the day or night signal, the speed 
of the passing vessel must not exceed 5 knots. 

DISTRESS SIGNALS 

Only one signal for a ship in distress is pre- 
scribed by the Pilot Rules. The signal is for 
daytime use and consists, simply, of slowly 
and repeatedly raising and lowering arms out- 
stretched to each side. This rule supplements 
the Inland Rules for distress * which may, of 
course, be used in pilot waters, with no conflict 
between the two sets of rules. A day or night 
distress signal under Inland Rules is the con- 
tinuous sounding of any fog-signal apparatus 
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or filing a gun; and a distress signal for night- 
time use consists of flames on the vessel, as 
from a burning tar barrel, oil barrel, etc. In 
addition to the foregoing signals, the Inter- 
national Rules for a vessel in distress may be 
assumed to be valid distress signals 1n pilot 
waters if no other use for the same signal 
exists under the Inland or Pilot Rules. 

TRANSFERRING DANGEROUS CARGOES 

Vessels handling dangerous or hazardous 
cargoes while fast to a dock or while at anchor 
are required to indicate this fact by the use of 
flags or lights. The term "dangerous or haz- 
ardous cargoes" includes explosives, combus- 
tible or inflammable liquids or gases, and 
certain chemicals, in bulk. 

Whether moored to a pier or at anchor, 
ships handling dangerous cargoes must display 
a red flag during daylight. It is well known that 
U.S. Navy ships hoist flag Bravo. At night, when 
alongside a pier, the ships must show a red light 
(No special warning signal is prescribed for 
ships anchored at night) 

PASSING UNDER BRIDGES 

The Pilot Rules provide an exception to the 
statutory and regulatory requirements for lights, 



day signals, or other navigational means when 
craft are passing under low bridges. Any vessel 
passing under a bridge that affords the craft 
restricted vertical clearance may lower its 
lights, day shapes, or other navigational means 
and appliances until it has passed and is clear 
of the bridge. Immediately upon clearing the 
bridge, ^however, the lights or day signals must 
be reestablished and exhibited as required by 
law or regulation. 



SUMMARY 

The Pilot Rules for Inland Waters are long 
and somewhat complicated. Only experienced 
pilots can be expected to memorize all of the 
rules concerning lights, shapes, speeds, etc., 
for a given location. This fact is one of the prin- 
cipal reasons for the requirements that vessels 
over 65 feet in length carry a copy of the pam- 
phlet containing the rules (CG-169). A good rule 
to follow is to give a wide berth to any ship or 
craft that is displaying an unfamiliar array of 
lights or shapes. The vessel is probably in- 
dicating that she cannot maneuver to keep clear 
of you. 
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The tremendous horsepower of the modern 
ship makes it a rare occurrence for a ship to be 
lost at sea because of adverse weather But 
even the largest ships have much to fear when 
engulfed in a severe storm. A severe North 
Atlantic gale, for example, is capable of straining 
rigging, springing seams, bendipg plates? 
smashing equipment, and tearing loose the 
equipment on a ship the size of an 
84,000-ton aircraft carrier. Winds of over 
100 knots and waves 60 feet and higher are 
respected by the hardiest seamen on the largest 
or ships. Whenever practicable, the prudent 
mariner always maneuvers to stay clear of 
storms. 

Before the days of radio communication and 
the Weather Bureau, seafarers became weather- 
wise through experience. Today, a ship at sea 
is regularly advised by radio concerning weather 
conditions in her vicinity. Nevertheless, it 
still is possible for a hurricane or typhoon to 
originate suddenly, without any warning except a 
sharply falling barpmeter and other local indica- 
tions described in this chapter. A first-rate 
navigator should be able, by means of certain 
characteristic signs, to recognize what weather 
disturbance is coming. He should know how to 
tell what kind of a storm it is, how bad it may 
be and-most important of all-how to maneuver 
so as to avoid its full impact.. 

The ship's Quartermaster is not directly 
concerned with her maneuvering; but, as as- 
sistant to the navigator, he should know enough 
about the laws of storms to be able to assist in 
intelligent observation of the weather. 

WINDS AND PRESSURE AREAS 

To review what you learned in your Q M 3 & 2 
course, the atmosphere in which we live has 
definite weight called atmospheric pressure 



131 



This pressure, measured by abarometer, varies 
with the presence of water vapor. Water vapor, in 
turn, differs in amount according to temperature. 
When a large volume of air is heated, it becomes 
light and rises. Then the adjacent heavy air 
rushes over to seek its own level, so to speak, 
and results in a flow of air called wind. The 
actual circulation of the ai.-is influenced greatly 
by the earth's rotation and other factors. 
Consequently, winds do not always blow con- 
tinuously and steadily from cool areas of high 
atmospheric pressure to warmer regions where 
pressure is lower. 

Winds tend to follow closely the seasonal 
variations of pressure areas. From the relation 
of pressure to temperature, these pressure 
areas are inclined to follow the movement of the 
sun in declination. Study and observation over a 
long period have located various well-defined 
pressure areas on the earth's surface. 

First, along the equator lies a belt of 
relatively low pressure where the average 
barometer reading is about 29.90. ,,On either 
side of this area is a belt where pressure is 
higher. This belt lies between 30° and 40° in 
the Northern Hemisphere, and it is about the 
same in the Southern Hemisphere. Above and 
below the high-pressure belt, average atmos- 
pheric pressure diminishes toward the poles 
In the Southern Hemisphere this decrease in 
pressure is regular and definitely obvious. It 
is less regular and not so obvious in the Northern 
Hemisphere. There are local centers of low 
pressure near the Aleutian Islands in the North 
Pacific and near Iceland in the North Atlantic. 
Pressure in these areas averages 29.70 inches, 
increasing again to the northward. 

WORLD WINDS 
The .general (surface) circulation with 
prevailing winds and nearby permanent pressure 
systems or belts will now be mentioned. Re- 
member that the circulation about high-pressure 



/as- 



0 



QUARTERMASTER 1 & C 



N 

ROTATION OF THE- C 

WORLD 



ARCTIC SEMIPERMANENT 
HIGH- 




ANTARCTIC PERMANENT 
HIGH 



Figure 9-1. —General circulation of air. 
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areas is clockwise in the Northern Hemisphere 
and counterclockwise about low-pressure areas. 
The reverse is true in the Southern Hemisphere. 
At times confusion arises from the meaning of 
wind direction. Wind , is always named by the 
direction from which it is blowing. (See f ig.9- 1 .) 

The equatorial belt of light and variable 
winds between the northeast trade winds of the 
Northern Hemisphere, and the southeast trade 
winds of the Southern Hemisphere is called 
the doldrums of the intertropical convergence 

ZOne.- : - , : 



The doldrums vary in position and tend to 
move north and south of the equator with the 
sun, though more of the area is generally 
located slightly to ihe north of the equator. In 
the region of the doldrums the temperatures 
are high, and the wind is co^ergent (anet inflow 
of air into the area), which results in excessive 
precipitation. s 

On the poleward side of the doldrums the 
trade winds are found. Whenever the doldrums 
are absent in some part of the equatorial region, 
the trade winds of the Northern and Southern 
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Hemispheres converge, causing heavy rain 
squalls. A noticeable feature of the trade wind 
belt is the regularity of these systems, especially 
over the oceans. (The wind blowing above and 
counter to the trade wind is the antitrade. 
Formerly it was called the countertrade. ) 

The areas of the subtropical high-pressure 
cells, where the winds are light and variable, 
about 30° to 40° N. and S. latitude, are referred 
to as the horse latitudes. Due to the descending 
air, fair weather is characteristic of this region. 

The pressure decreases outward from this 
area, and the prevailing westerlies are on the 
poleward side, with the trade winds on the 
equatorial side. 

The prevailing westerlies, which are on the 
poleward side of the trade winds, are persistent 
throughout the midlatitudes. In the Northern , 
Hemisphere their direction at the surface is from 
the southwest, and in the Southern Hemisphere 
from the northwest, due to the deflection caused 
by the Coriolis effect as the air moves poleward. 

Poleward of the prevailing westerlies lies a 
belt of low pressure known as the polar front 
zone. . 

In the polar cells, poleward of the polar 
front zone, the surface winds are known as the 
polar easterlies. They move from the northeast 
in the Northern Hemisphere and from the south- 
east in the Southern Hemisphere. They are very 
shallow due to the low temperatures and are 
overlain by the westerlies. This circulation 
pattern is temporarily disrupted by migratory 
pressure systems in all areas but returns to the 
original pattern. 



LAWS OF STORMS 

Ordinary prevailing winds can become strong 
enough to raise some really respectable seas(as 
the North Atlantic gale). A modern ship, though 
usually suffers no serious damage from weather 
unless she encounters winds of the force of a 
tropical cyclone. A cyclone is a circular or 
nearly circular area of low atmospheric pres- 
sure around which the winds blow counter- 
clockwise, in the Northern Hemisphere, and 
clockwise in the Southern Hemisphere. A 
tropical cyclone is a storm of great size and" 
intensity, which* when fully developed, is the 



severest and most damaging of all storms. 
A tropical cyclone has its beginning in the 
tropical oceans, near (but not directly over) 
the equator. It first moves westward, then 
recurves to the northeast (toward the south- 
east in the Southern Hemisphere). (See fig. 
9-2 r >> The central pressure usually is below 
28 inches; a pressure of 26.19 inches has 
been observed in one of these storms. These 
storms vary in diameter from 25 to 600 miles. 
At their outer edges the wind velocity is 
moderate, but it increases toward the center 
where velocities higher than 150 miles per 
hour have been recorded. At the center is an 
area that averages about 14 miles in diameter. 
In this area, called the eye of the storm, the 
winds are very light, the seas are confused 
and mountainous, the sky often is clear, and 
drizzle may occur. 

The elements of wind, temperature, pres- 
sure, humidity, and rain vary little in the 
different quadrants of a tropical cyclone. Winds 
increase from the outer limits to the eye 
of the storm; the temperature rises and the 
humidity falls at the center. Precipitation is 
in the form of showers at the outer limits, 
becomes heavier toward the center, and is 
usually heaviest in the right front quadrant. 
These storms are often attended by great 
wind-caused tides that inundate the land and 
cause more /damage than do the wind and 
rain of the storm itself. 

Tropical cyclones, which occur in many 
localities throughout the world, are known 
by various names. They form over all tripical 
oceans (except that none have been reported 
ove* the South Atlantic), but do not form over 
continents. They are common in the West 
Indies, ranging up the east coast of the United 
States and the Gulf of Mexico where they 
are called hurricanes. In the Western Pacific, 
off the coast of China, they are called typhoons. 
Off the west coast of Australia they are called 
willy-willies, and off the Philippines they are 
called baguios. Through usage, all tropical 
cyclones occurring east of the 180th meridian 
in the Pacific have also become known as 
hurricanes. * 

Within the equatorial low-pressure area 
(almost completely circling the globe) is a 
belt of either light and variable winds or 
no winds. Rainfall comes in sheets, with 
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frequent thunderstorms and squalls. This belt 
of baffling winds and rain, called the doldrums, 
is the breeding place of the majority of tropical 
cyclones. 



TORNADOES 

A tornado, one of the most destructive 
types of storms known, is a violent, whirling 
storm of small diameter (usually a quarter 
of a mile or less, which travels across the 
country and leaves great devastation along 
a narrow path. It is known popularly as a 
twister or a cyclone in the Central United 
States, where it occurs most frequently. 
Following are the chief characteristics of a 
tornado. 

1. A heavy cumulonimbus cloud under which 
hangs a funnel-shaped cloud that marks the 
vortex and, as the storm moves along, may or 
may not touch the earth. 

2. A heavy precipitation accompanied by 
thunder and usually hail. (In addition to the 
thunder, a roar attends the tornado cloud 
whenever it touches the surface of the earth.) 

3. Winds blowing spirally upward around 
the axis of the tornado cloud. Their speeds 
have been calculated to be as high as~300 
miles per hour, and in rare instances even 
higher. The updraft within the funnel cloud 
may have a speed of 100 to 200 miles per hour. 

4. A comparatively slow storm speed over 
the earth's surface of 25 to 40 miles per hour. 
Its path is short, averaging about 300 miles. 

Along the West Coast of Africa squalls 
accompanying thunderstorms are also called 
tornadoes, but they possess few of the qualities 
of the true tornado. 



SQUALLS 

A squall is a wind of considerable intensity 
caused by. atmospheric instability. A squall 
comes up and dies down quickly, and some- 
times is accompanied by thunder, lightning, and 
precipitation: Often a squall is named after 
the special weather phenomenon that accompan- 
ies it. Thus, there are rain, snow, and hail 
squalls. Squalls are most common over the 
ocean in the doldrums, where several maybe 
visible from your ship at the same time. 



Squall winds differ greatly in intensity, from 
moderately heavy to violent. A violent squall 
is capable of capsizing small ships when they 
are unprepared. 



MONSOONS 

Steady winds somewhat similar to the trades, 
called monsoons (of Arabic origin meaning 
"season"), exist in the China Sea and Indian 
Ocean. The air over the land is warmer in 
summer and colder in winter than that over 
the ocean, producing a consequent variance 
in atmospheric pressure. Seasonal temper- 
ature changes induce a seasonal character 
in the monsoon. The northeast (winter) monsoon 
usually blows in the China Sea from October 
to April. It is known as the dry or fair weather 
monsoon, although its force often reaches 
moderate gale proportions. The southwest 
(summer) monsoon normally occurs from May 
to September, and breaks with great severity 
on some coasts. Also known as the wet monsoon, 
it usually is accompanied by heavy squalls 
and thunderstorms, and by an average rainfall 
that is much heavier than that of the northeast 
monsoon season. 



WATERSPOUTS 

A waterspout is a small whirling storm 
occuring over the oceans or inland waters. 
Its chief characteristic, in a fully developed 
spout, is a funnel-shaped cloud extending from 
the surface of the water to the base of a 
cumulus-type cloud. The water in a spout 
is confined mostly to its lower portion. Water- 
spouts usually rotate the same direction as 
do cyclones (counterclockwise in the North- 
ern Hemisphere and clockwise in the South- 
ern "Hemisphere), but the opposite rotation 
is occasionally observed. They ordinarily are 
found in tropical regions, but may develop 
in higher latitudes too. 

Waterspouts are divided into two classes, 
according to their origin and appearance. One 
catagory is the true waterspout, in which the 
vortex forms in the clouds by the interaction 
of air currents flowing in opposite directions. 
This type of waterspout is similar to a tornado 
in formation and aspect. The second class of 
"pseudowaterspouts" is of a different nature. 
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It originates Just above the water surface in 
convectively unstable air, and builds upward, 
frequently under clear skies. This type of 
waterspout has the same wind characteristics 
as whirling pillars of sand and dust often seen 
on the deserts . 

Waterspouts vary in height from a few 
hundred feet to several thousand feet, and 
in diameter from a few feet to several hundred 
feet. The highest waterspout on record is 
one of 5014 feet, observed in New South Wales, 
Australia. 

HURRICANES 

As stated previously, tropical cyclones 
peculiar to the Atlantic, Eastern Pacific, and 
West Indies are called hurricanes. Although 
their exact cause is somewhat obscure, the 
fact that they soon dissipate over land areas 
seems to indicate that their existence depends 
somehow upon water vapor, a large amount of 
which is present in the air over the doldrums. 
The whirling cyclonic wind apparently starts 
when warm, vapor-laden air is underrun and 
forced upward by convergence of the wind flow. 

Once the storm develops, it normally follows 
the current of free air northward or south- 
westward until it arrives at the boundary of 
the adjacent higher pressure region. Here, 
where the prevailing winds turn eastward, the 
storm changes course, moves for some dis- 
tance toward the pole, and then veers toward 
the northeast or southeast. 

In general, the track of a hurricane in 
the Northern Hemisphere, Atlantic and Pacific 
Oceans, is northwesterly from the starting 
point in the doldrums. At the edge of the 
high-pressure area, the storm usually veers 
to the northeast, and either dissipates itself 
in the middle latitudes or takes on the form 
of the less severe extra-tropical cyclone. 

Hurricanes of the Eastern South Pacific 
follow a similar track to the southward, moving 
west and south for the first branch of the 
parabola, then veering southeastward. 

Typhoons, willy-willies, and baguios of the 
Western Pacific may follow a course similar 
to that of a West Indian hurricane, or they 
may expend their force on the South China Coast. 

Figure 9-3 shows you a typical track of a 
hurricane in the Northern Hemisphere of the 



Atlantic. Figure 9-4 shows a hurricane track 
in the Southern Hemisphere of the Eastern 
Pacific. 

CYCLONIC WIND DIRECTION 

Cyclonic winds in the Northern Hemisphere 
circulate in a counterclockwise direction. Those 
in the Southern Hemisphere circulate clockwise. 
It is most important to remember this direction 
when it becomes necessary to maneuver out 
of the path of a hurricane. Study closely figure 
9-3 and you will see that as you face the same 
direction the storm is moving, winds in the 
right (called the dangerous) semicircle of the 
storm are circulating so as to draw a ship 
in that semicircle and into the path of the 
storm. Moreover, the winds carry her along 
with the storm as it moves along its track. On the 
other hand, winds in the left (called the navi- 
gable) semicircle tend to drive the ship out 
of the path of the storm, and likewise help 
her to get behind it. 

In figure 9-4 the situation is the opposite 
to. that just described. As you look along the 
storm track, winds in the right semicircle 
tend to force the ship out of the storm's path 
and help her to get behind it. Winds in the 
left semicircle draw her into the track, and 
also blow her along with the storm. As you 
face the direction in which the storm is moving 
in the Southern Hemisphere, the dangerous ; 
semicircle is to your left, the navigable semi- i 
circle to your right. \ 

Maneuvering a ship in a hurricane consists j 
mainly of determining whether she is in the 

dangerous semicircle and, if she is, finding j 

the best method of working her out of it. j 

i 

TROPICAL CYCLONE APPROACHING j 

A tropical cyclone, as mentioned before, j 
can form quite suddenly, and a ship may 
find herself in one before she receives any 
radio warning of its approach. Navigators 
should know the signs that indicate the approach 
of a storm of tropical cyclone proportions. 

During the hurricane or typhoon season, 
any interruption of the regular diurnal oscil- 
lation of the barometer should be considered 
as a warning of an approaching change in the 
weather. Although the barometer is not ab- 
solutely reliable in this respect, its indications 
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Figure 9-3.-Track of a tropical cyclone originating in the West Indies. 
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should always be taken into consideration. 
Once a storm begins, the barometer indicates 



A long, low swell rises well in advance of the 
area of violent winds, and the direction of the 



"S^St^^VSSL "2^ * swell. If unaffected by'lntervening land masses, 



approach and your distance from the storm 
center. 



indicates the bearing of the storm center. 
Light, feathery plumes of cirrus cloud appear 
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Figure 9-4. —Track of a tropical cyclone 
originating in the Southern Hemisphere 
of the Eastern Pacific. 



shortly after the swell begins, fanning out 
from a whitish arc on the horizon. Next, 
the sky becomes more and more densely over- 
cast, until the fearsome- looking dark mass 
of the true hurricane cloud appears on the 
horizon. The barometer begins a steady fall, 
and the air becomes heavy, hot, and moist, 
and the wind begins to Jjrtck up. You may or 
may not hear a humming sound, caused by the 
speeding up of the velocity of the wind. Fine, 
misty squalls of rain break off from the main 
cloud bank. These rain squalls increase to 
heavy showers, and finally to torrents at the 
center. The barometer starts falling rapidly; 
occasionally it becomes erratic. The seas 
begin to roll in mountainous waves, which 
can completely engulf a large ship. The 
Pittsburgh in figure 9-5 is an example of 
the destruction caused by a tropical cyclone. 



DETERMINING BEARING OF THE CENTER 

In the Northern Hemisphere, as you know, 
a cyclonic wind whirls in a counterclockwise 
direction. If you face the wind, the center 
bears about 113° or 10 points to your right. 
In the Southern Hemisphere, the center is 
on about the same bearing to your left. It 
has been found that the storm center almost 
always bears close to 90° from the direction 
of movement of the storm's lower clouds. 
If this direction can be determined, the storm's 
center bearing can be indicated more accurately 
than by wind direction. 

As the storm passes along its track, the 
wind hauls in one direction or the other, 
depending upon which semicircle you are in. 
In either the Northern or the Southern Hemis- 
phere, if the wind hauls to the right as you 
are facing it, you are in the right semicircle, 
which means that in the Northern Hemisphere 
you are in the dangerous semicircle, but in 
the Southern Hemisphere it is the navigable 
semicircle. If the wind continues steadily from 
the same direction, you most likely are directly 
in the path of the center. 

When you determine the bearing of the 
center, you must try to ascertain how far away 
it is. Although the average fall of the barometer 
is insufficiently accurate for you to rely upon 
it completely, it gives you an idea of the 
speed with which the center is approaching* A 
tropical cyclone advances at from 5 to 20 
miles per hour. In the North Atlantic, speed 
of advance may reach as high as 50 miles 
per hour. 

The accompanying table assumes a ship 
hove to in the track of the storm. 



Average fall of 


Distance from center 


barometer (per hour) 


(in miles) 


0.02 to 0.06 inch 


250 to 150 


0.06 to 0.08 " 


150 to 100 


0.08 to 0.12 " 


100 to 80 


0.12 to 0.15 " 


80 to 50 



MANEUVERING IN A TROPICAL CYCLONE 

Once the bearing and distance of the storm 
center are determined, the next step is to plot 
the track along which the storm is expected to 
advance. Two or three bearings of the center, 
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Figure 9-5—Bow of USS Pittsburgh ripped off in a typhoon. 
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taken at intervals of 2 to 3 hours, should be 
sufficient for establishing the probable track. 

In the Northern Hemisphere, as stated pre- 
viously, if the wind hauls to the right, the 
ship is in the dangerous semicircle; if it 
hauls to the left, it is in the navigable semi- 
circle. If it continues from the same direction, 
with falling barometer, the ship probably is in 
the path of the storm. This situation, of course, 
occurs only when the ship is laid to and kept 



on the same heading. When course and speed 
are changed so as to maintain a constant 
relative bearing between the ship and the 
storm center, the wind does not shift. In that 
event, only the barometer can tell you whether 
you are apprdaching or drawing away from the 
center. A vessel might actually be getting into 
trouble by overtaking the center of a slowly 
traveling storm. Then, a decrease in speed 
probably . would allow her to ride it out. 
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The general rules for maneuvering a ship 
In a tropical cyclone in the Northern and 
Southern Hemispheres are described in the 
following two subtopics. 

Northern Hemisphere 

Right or dangerous semicircle: Bring the 
ship around so that the wind is on the star- 
board bow, and make as much headway as 
possible. It obliged to heave to, do so head 
to sea. 

Left or navigable semicircle: Bring the 
wind on the starboard quarter and hold her 
on that heading. K obliged to heave to, do so 
stern to sea. 

On track ahead of center: Bring the wind 
2 points on the starboard quarter, and run on 
that heading for the left semicircle. 

On track behind center: Avoid the center 
by the most practicable route, with due con- 
sideratlon that the storm eventually will curve 
northeastward. 

Southern Hemisphere 

- Left or dangerous semicircle: Bring the 
wind on the potft bow, and make as much 
headway as possible. If obliged to heave to, 
do so head to sea. 

Right or navigable semicircle: Bring the 
wind on the port quarter, and hold her on that 
heading. If obliged to heave to, do so stern to sea. 

On storm track ahead of center: Bring the 
wind 2 points on the port quarter, and run on 
that heading for the right semicircle. 

On storm track behind center: Avoid the 
center by the most practicable route, realizing 
that the storm eventually will curve south- 
eastward. 



WEATHTR MESSAGES 

Ships ai the high seas receive long-range 
weather forecasts from radio stations ashore. 
These shore stations compile weather messages 
based on local observations and on weather 
Information received from other shore stations 
and from ships at sea. The remainder of this 
chapter is a discussion of the reports and 
other information concerning weather, ex- 
changed between ships and shore stations. 

to the interest of brevity, information on 
weather is broadcast by the Navy, Coast Guard, 
and civilian agencies In synoptic form; that is, 



i 



according to a pattern designed to give a general > 

picture of the situation In a specific area. By \ 

International agreement, peacetime weather j 

broadcasts are sent in international code forms. j 

These codes consist of a system of symbols that ) 

refer to various tables from Radio Weather f 

Aids (H.O. 118) and Weather Station Index ' 

(H.O. 119). These publications also contain a i 

complete list of stations, their frequencies, and I 

broadcast schedules. j 

COMPONENTS OF WEATHER BULLETINS j 

Detailed weather bulletins, received at < 

scheduled times, arf made up of several parts. I 

The different parts vary in sequence and con- j 

tent. Each bulletin contains such general In- ! 

formation as— j 

1. Gale, storm, and hurricane warnings, j 

2. Weather forecasts. j 

3. Upper wind reports. i 

4. Upper air soundings (temperature, pres- j 
sure, and humidity). I 

5. Synoptic reports from land stations. j 

6. Synoptic reports from ships. j 

7. Aircraft reports. \ 

8. Analysis. [ 

Remember: Information received from a land 
station describes only conditions In the area 
covered by that particular station. General 
weather information is provided In H.O. Pub. 
No. 118A, Radio Weather Aids. Atlantic and 
Mediterranean Area. H.O. Pub. No. 118B, Radio 
Weather Ai ds. Pacific and Indian Ocean Areas, 

and H.O. Pub. No. 119, Weather Station Index, f 
These publications contain a complete list of 
symbolic weather codes and attendant tables. 

All the weather code tables needed by you 
are contained In H.O. 118. Changes thereto 
are received regularly on board all commis- 
sioned ships of the Navy. Changes are distributed 

In advance of effective dates to permit you to I 

keep your tables and broadcast Information up to i 

date. ! 



SHIP-TO-SHORE WEATHER REPORTS 

All commissioned vessels of the Navy are 
required to observe and record weather Infor- 
mation In accordance With the Manual fftrgMp'q 
Surface W eather Observations, QpNavInst 
P3140.37. Additionally, the Instructions for 
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Keeping Ship's Deck Log. NavPers 15876, re- 
quires logging all unusual meteorological phe- 
nomena, extraordinary refractions, water- 
spouts, meteors, shooting stars, auroras, halos, 
fata morganas, and iceblinks. The observations 
are made hourly and recorded on the Ship 
Weather Observation Sheet, OpNav form 3144-1. 
Synoptic observations are recorded in message 
form at 0000, 0600, 1200, and 1800, GMT and 
delivered to the ship's main communication 
center for transmission. 

ENTRIES ON OPNAV 3144-1 

Many times you have completed the columns 
contained in OpNav 3144-1. In a discussion of 
synoptic weather charts and symbols it is 
appropriate to review the proper entries to be 
made. The following instructions apply incom- 
pleting the respective columns. 

Wind: Enter the true wind direction in de- 
grees, indicating direction from which the wind is 
blowing. Enter the computed true windspeed in 
knots for the respective hours. In the absence 
of an anemometer, estimate the windspeed from 
the Beaufort scale of wind velocity, contained 
in the effective edition of QpNaivIhst P3140.37. 

Visibility: Enter the average visibility in 
miles. For less than 2 miles, enter the visibility 
to the nearest l/6th mile, as l-?/5. For less 
than 1 mile, enter to the nearest l/10th mile; 
e.g., 1/10, 2/10, 5/10. Enter 0 for less than 
100 yards. 

Weather: Enter the symbol(s) indicating the 
distinctive characteristics of the weather, in 
conformity with symbols contained in OpNav 
Instruction P3140.37. 

Barometer: Enter the reading of the aneroid 
barometer reduced to sea level pressure. Sea 
level pressure is obtained by adding a constant 
pressure factor to the barometer reading (sta- 
tion pressure). This constant is determined by 
multiplying the height of the barometer (in feet) 
above the ship's load line by 0.001 inch or 
0.034 millibar. For aneroid barometers scaled 
in inches, enter the pressure to the nearest 100th 
inch; e.g., 29.92, 30.01. For barometers scaled 
in millibars, strike out inches in the column 
heading and enter the pressure to the nearest 
10th millibar; e.g., 999.8 or 1001.4. 

. Temperature: Enter the temperature of the 
air as shown by an exposed dry bulb thermometer 
and by an exposed wet bulb thermometer. 



Clouds : Enter the portion of the sky obscured 
by clouds in parts from 1 to 10. Thus, 0 repre- 
sents entirely clear; 3 means that 3/10th of the 
total sky is obscured. Enter the height of the 
base of the lowest cloud in feet; e.g., 50, 200, 
1000, 11000. In conformity with the cloud forms 
and symbols, in OpNav Instruction P3140.37, 
enter the distinctive low, middle, and high cloud 
forms. Do not enter more than one low cloud 
form, one middle cloud form, and one high cloud 
form for any hour. When noclouds are present, 
enter the word ' 'Clear." 

Sea Water Temperature: Enter the temper- 
ature of the sea water from the main injection 
thermometer. 

Waves: Enter the true wave direction, in de- 
grees, indicating the direction from which the 
waves are coming, and the period (in seconds) 
between the passing of successive wave crests. 
Enter the estimated average wave height (in 
feet). 



SHIPBOARD WEATHER CHARTS 

By plotting the data obtained from broadcast 
synoptic weather bulletins, the navigator creates 
a weather chart for the area in which the ship is 
operating, and predicts the probable weather the 
ship will encounter. When a ship is beyond the 
areas covered by official weather forecasts, 
analysis of the weather chart usually is the only 
means of determining what conditions the ele- 
ments are likely to produce in the near future. 
A great deal of information, helpful in the prep- 
aration and interpretation of weather charts, is 
contained on pilot charts. 

Facsimile 

Use of facsimile equipment eliminates the 
need, in many instances, for the navigator to 
construct his own weather chart. Facsimile 
(FAX) is a process for transmitting pictorial 
and graphic information by wire or radio and 
reproducing it in its original form at the re- 
ceiving station. Two forms of FAX are utilized. 
One transmits photographs, the image being re- 
produced on photographic film or paper. The 
other is employed for such matter as weather 
charts and blueprints that lack the detail of a 
photograph and can be received on a special 
electrographic paper. It is with this latter that 
a Quartermaster is most concerned. 
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Facsimile is a relatively late addition to 
military communications, although commercial 
firms have used this method for a number of 
year& to provide pictorial service to newspapers. 

The most useful application of facsimile- 
transmitting fully plotted weather charts— has 
been under development since the close of 
World War n. The National Meteorological 
Center Facsimile (NMC Fax) network, sponsored 
by the Weather Bureau and the coordinated 
planning committees of the military servicl, 
is devoted exclusively to this work. C > 

The NMC Fax network covers the entire 
continental United States. The NMC Fax network 
does not meet the Navy's need for weather data 
on areas outside the continental United States, 
however. Most of the current FAX traffic, con 
sequently, is prepared in the Navy's weather 
centrals. They have facilities for correlating 
weather observations from all over the world 
and making usable charts. Completed charts are 
distributed by radio and wire line to hundreds 
of ships and stations and to other services. ' 
Because weather forecasts usually are out of 
date when no more than 6 hours old, and require 
revision, completion and distribution of FAX is 
a 24-hour Job. 

Use of facsimile for distributing weather 
charts eliminates the need for duplicate plotting 
aboard each ship and station requiring weather 
information. Significant economies have been 
effected, as well as more uniform, accurate, 
and rapid weather service. 

The Navy has numerous facsimile equipment 
units in service. All operate in much the same 
way. The most common type of receiver records 
on a specially prepared paper by what is literally 
a burning process, similar to that used on the 
fathometer (fig. 9-6). A stylus is connected to 
the output of the recorder amplifier in such a 
way that a high voltage is developed at the stylus 
point as the signals are received. The electri- 
fied stylus burns a white surface coating on the 
paper, which has a black undercoatlng that is 
conducting. One type of this paper may be used 
for making copies by the gelatin-ink transfer 
(hectograph) process. 

Markings on Weather Chart 

Weather data received in code form from a 
land station or ship at sea are plotted on the chart 
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Figure 9-6. -FAX receiver employing high- 
voltage recording stylus. 



at the symbol representing the location of the 
station or ship. Thus, you have available at 
a glance a complete and readily understandable 
graphical representation. Some standard codes 
used for this purpose are shown in figure 9-7. 
A complete explanation of all weather codes is 
contained in the Manual for Synoptic Code. 
NavAer 50-1D-506. 

Standard procedures for enteringdata (called 
the station model) at any station or ship on the 
chart are as follows: 

Wind direction is indicated by an arrow point- 
ing the way the wind is blowing. That is, the 
arrow points to the west if it's an east wind. 
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8ymbol 



TT 



C„ 



D. 



PP 



8 
X. 




1 Mia 



Description and remark* 



Temperature of the air to the nearest 
whole degree Fahrenheit. (A tempera- 
ture of 107° F. would be encoded as 07 
and a temperature of —15° F. would be 
encoded as 85); col. 14. 

Amount of cloud whose height is reported 
by "h" (col. 15)? (Code Table 3 on p. 
11-1). (Note— When cloud of C L 
type is present, the fraction of the 
celestial dome covered by the type of C L 
cloud reported for C L will be reported 
for Nb. When there are no low clouds 
present, the fraction of the celestial 
dome covered by middle clouds (Cm 
type) will be reported by N b . When 
only high clouds (C R TYPE) are pres- 
ent, "O" will be reported for N h ). 

Clouds of genera (types) Stratocumulus, 
Stratus, Cumulus, and Cumulonimbus 
(low clouds), col. 16," (Code Table 8 on 
p. 11-5). 

The height above ground of the base of 
the cloud (whose amount is reported by 
N h ), col. 17,* (Code Table 0 on p. 11-5). 

Clouds of genera (types) Altocumulus, 
Altostratus, and Nimbostratus (middle 
clouds), col. 18; (Code Table 10 on 
p. 11-6). 

Clouds of genera (types) Cirrus, Cirro- 
stratus, and Cirrocumulus (high clouds), 
c61. 19; (Code Table 11 on p. 11-6). 

Ship's course made^ good during the 3 
hours preceding the time of observation 
(true), col. 20; (Code Table 12 on p. 
11-7). 

Ship's average speed made good during 
the 3 hours preceding the time of ob- 
servation, col. 21? (Code Table 13 on 
p. 11-7)." 

Barometric tendency (barometer change 
characteristics during the 3 hour period 
ending at the time of observation), col. 
22; (Code Table 14 on p. 11-7). 

Amount of barometric pressure change in 
the 3 hours preceding the time of ob- 
servation (tendency) . Encoded in units 
and tenths of millibars, Col. 23; (Code 
Table 15 on p. 11-7). 

Indicator figure for 8N.Ch Ji, group. 

The fraction of the celestial dome covered 
by the individual cloud layer or mass 
reported by C (significant cloud layer), 
col. 25; (Code Table 3 on p. 11-1). 
The selection of cloud layers to be re- 
ported by this group will bo made ac- 
cording to the following rules: (1) The 
lowest individual layer of cloud of any 



Symbol 



C 
h.h a 



O 
T.T. 



TaTj 



1 

d«d« 



Pw 

H. 

C| 

K 
r 



Description and remarks 



amount greater than sero; (2) The next 
higher layer which covers 4/10 or more 
of the celestial dome; (3) the next higher 
layer which covers 6/10 or more of the 
celestial dome. The 8-group will be in- 
cluded in the message as many times as 
may be required to report the layers of 
cloud that exist in accordance with the 
above specifications. The 8-groups will 
appear in the message in ASCENDING 
ORDER. 

Genus (type) of significant cloud whose 
amount is reported by N„ col. 26; (Code 
Table 16 on p. 11-8). 

Height of base of cloud (significant) whose 
type is reported by "C'\ col. 27^<Cfode 
Table 17 on p. 11-8). 

Indicator figure for OT.T.TjTa group. 

Difference between air temperature and 
sea temperature in whol* degrees Fahr- 
enheit (col. 29). When the air tempera- 
ture is higher than the sea temperature, 
enter the actual difference; when the air 
temperature is lower, add 50 to the dif- 
ference before entering in column 29; 
e. g., when the air temperature is 5° 
above the sea temperature, enter 05; 
when the air temperature is 5° below 
the sea temperature, enter 55. 

The temperature of the dewpoint to the 
nearest whole degree F. col. 30. (For 
temperatures of dew point above 100, 
subtract 100 before entering in col. 30; 
for values below 0 degrees, subtract the 
actual numerical value from 100 and 
enter the difference; e. g., — 15 would be 
encoded as 85. 

Indicator figure for ld»d»P w H w group. 

True direction, in tens of degrees, FROM 
which waves are coming. Cols. 32 and 
36 (Code Table 4 on p. 11-2). 

Period of the waves Cols. 33 and 37 
(Code Table 18 on p. 11-8). 

Mean maximum height of the waves. 
Cols. 34 and 38 (Code Table 19 on p. 
11-9). 

Description of kind of ice. (Col. 39); 

(Code Table 20 on p. 11-9). 
Effect of the Ice on Navigation. Col. 40 

(Code Table 21 on p. 11-9). 
Bearing of Ice. Edge. Col. 4 1 (Code Table 

22 on p. 11-9). 
Distance to Ice Edge from reporting ship. 

Col. 42 (Code Table 23 on p. 11-9). 
Orientation of Ice Edge. Col. 43 (Code 

Table 24 on p. 11-10). 



Figure 9-7. -Standard weather codes. 
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Each full barb on the wind arrow represents 10 
knots of mean velocity; each half barb represents 
5 knots of mean velocity. For an exact break- 
down of barbs on the wind arrows, in miles per 
hour and in Beaufort force, see figure 9-8. 

Cloud types, cloud height, and sky coverage 
are denoted by the symbols contained in figure 
9-9, 9-10 and 9-11, respectively. 

Temperature is given in degrees Fahrenheit/ 
Celsius. 

Atmospheric pressure is represented to the 
tenth of a. millibar, with only the last three 
figures, plotted. 

Barometric tendency for any changes over the 
previous 3 hours is indicated also on the station 
model. Directly belowthis symbol is the sign for 
past weather. (See fig. 9-12.) 

Dewpoint temperature is designated in de- 
grees Fahrenheit/Celsius. 

Present weather is shown by an appropriate 
symbol on the station model. (See fig. 9-13 ) 
Directly to the west of this symbol is the 
visibility in miles. 

Figure 9-14 shows you how to enter data from 
weather broadcasts on a weather chart. An 
explanation of the symbols and map entries also 
appear? in the illustration. Complete descrip- 
tions of all weather symbols used in the construc- 
tion of a station model are included in figures 
9-7 through 9-14. 

WEATHER MAPS 

Once each week the U.S. Weather Bureau, 
Department of Commerce, prints and distri- 
butes, in pamphlet form, weather maps for each 
day of the week. Pamphlets contain an ex- 
planation of all the symbols used on the daily 
weather maps. This explanation includes the 
symbolic form of message, sample coded mes- 
sage, symbolic station model, sample plotted 
report, and other data. You may obtain copies 
from the Printing and Publication Section of the 
Department of Commerce. 

ISOBARS 

Isobars define the boundaries of areas of 
equal pressure. In this respect, isobars are 
similar to fathom curves, which define bound- 
aries of equal depth. Isobars likewise are much 



like contour lines, because the closer they 
are together, the steeper is the barometric 
slope over that particular area, it is this 
latter aspect that makes isobars an especially 
valuable aid in determining the horizontal motion 
of low layers of atmosphere that produces wind. 
Isobars are drawn on daily weather charts to 
indicate the instantaneous pressures over a 
certain area for the same time of day. 

Isobars are drawn for intervals of 4 millibars 
from 25° latitude poleward, and 2 millibars from 
the equator to 25° latitude, using 1000 millibars 
as a base. Table 9-1 is a table for converting 
inches of mercury to millibars and vice versa. 

Isobars and Charts 

Drawing isobars accurately, in accordance 
with the reports on atmospheric pressure re- 
ceived, is not as easy as itmight appear at first 
glance. If the isobars are drawn incorrectly, 
predictions based on their analysis will be com- 
pletely erroneous. The first principle to remem- 
ber is that every isobar must form a closed 
curve. In other words, your pencil must eventu- 
ally work back to its starting point, provided 
the chart is on a sufficiently small scale. If it 
isn't, you must wind up in the margin. If you 
find your line crossing another, or stopping 
in the middle of the chart, you have done some- 
thing wrong. 

Because of the scarcity of stations from which 
barometric information is received, remember 
that, for large areas of the chart, your pen- 
cil must be guided by the rules that follow. 

• Rule 1: Guide your pencil so as to keep all 
points of pressure higher than the value of the 
isobar on the same side of the line. Failure to 
follow this ride is a common error that fre- 
quently leads the pencil of the beginner off the 
track when he is drawing isobars. If you observe 
that there are higher and lower readings on both 
sides of the line, you may be sure that you have 
run off the track somewhere. Remember that 
the isobar has a certain value and, in reference 
to two points— one with a lower pressure and the 
other with a higher pressure— the line of the 
isobar must run between them. 

• Rule 2: In the Northern Hemisphere, if the 
isobar is traced into the wind, it must be kept to 
the right of all points where pressure is higher 
than its value. If it is traced with the wind, it 
must be kept to the left of all such points. 
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Cod* 



8 



-o- 



a 



Description 
(Abridged From WHO Code) 



Cu ul lair weather, lililr vertical develop- 
ment and seemingly flattened. 



Co ol considerable development, generally 
tuwertng. with or without other Cu ur Sc 
basea 411 at same level. 



Cb with topa lacking cleat -cot outlines, but 
distinctly not cirrtfurm or anvtl-ahaped; with 
or without Cu. fir. or St. 



Sr formed by spreading out of Cj; Cu often 
present also. 



Sr not formed by spreading out of Cu. 

St ur Fa or birth, but no Fa nf bad weather. 

Fa anf/or Fc of bad weather (scud) 



Cu and He (not formed by spreading out of 
Cu) with baaea at different levels. 



Cb having ■ clearly fibroua (ctrrtform) top 
often anviUahaped. with or without Cu Se 
St. or scud. 



Coda 
Number 



8 



C 



M 



W 



Description 
(Abridged From w.m.O Code) 



Thin As (most of cloud layer aemttrsnapercnt). 



Thick Aa. greater part aufftciently denae to 
hide sun (or moon), or Na. 



Thin Ac. mostly lemMranaparent; cloud 
elementa not changing much and at a aingle 
level. 



Thin Ac In patches; cloud elementa continu- 
ally changing and/or occurring at more than 
one level. 



Thin Ac In band a or m a layer gradually 
spreading over iky and usually thickening aa 
a whole. 



Ac formed by the spreading out of Cu. 



Double- layered Ac. or a thick layer of Ac. 
not increasing; or Ac with Aa and/or Na. 



Ac tn the form of Cu-ahaprd tuft a or Ac 
with lor ret a. 



Ac of a chaotic sky, usually at different 
levela; patents of denae CI art usually 

■Miaul almt ' 



Cod* 
Number 


r 


Deacrlption 
!Abridgtd From W.M.O. Coda) 


Cloud 
Abbreviation 


1 


> 


Filament a of CI. or "marea uila." acatttred ' 
and not tncreaalng. 


SI or Fa- Stratus 
or Fractoatratua 

Cl-Clrnit 


2 


V 


Danaa CI In patchea or twlated aheaves. 
usually not Increasing, sometime a like 
re ma Inn of Cb; ortowera or tufts. 






Denae Cl. often anviUahaped. derived from 
or aaaoclated with Cb. 




3 


7 


Ci-Clrrostratua 


4 




Cl, often haok-ahaped. graduaUy ap reading 
over the aky and usually thickening aa a 
whole. 


Ce-Clrrocumulut 


5 




Cl and ca. often fat converting banda. or Cb 
dent; K*f» rally overepreHtng and growing 

tS!SZ eD " Ua "" ,B Ulror ** «• 


Ac-AItocumuhia 






At-Altostratut 
Sc-Stratocumulua 


6 




Cl and Ca, often la converging banda, or Ca 
alona; generally ovcrap reading and growing 
denser; the conttnooue layer exceeding 48* 
altitude. 


7 




Veil of Ca covering the entire aky. 






Ns-Nimboalratua 


8 




Ca not increasing and not covering entire sky. 


Co or Fc-Cumulua 
or Fractocumuiua . 


9 




£ c iS w# i r Cc **» Cl or Ca. but the 
Cc being the mala clrrtfora* cloud. 


Cb-Cumulonlmtoa 






Figure 9-9.-Cloud types. 
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Past Weather 


Not 
» Plot- 
ted 


u 

it u • Si 


• > 

• Clear or few 

clouds 

Partly cloudy 
(scattered) or 
variable sky 

Cloudy (broken) 
or overcast > 


Sandstorm or dua 
storm, or driftini 
blowing snow 

Fog. or smoke, o 
thick dust haze 

Drizzle 
Rain 

Snow, or rain and 
snow mixed, or ic 
pellets (sleet) 

Shower(s) 

Thunderstorm, wi 
without precipitat 
















• 


.* 


O 




SI 


o 






ro 








r- 


00 


<y> 



CM - 



L 

CM 



1 


1 

o 

* 


Less than one-tenth 
or one-tenth 

Two and three-tenths 
Four-tenths 

Five-tenths 
Six-tenths 


Seven and eight-tenths 

Nine-tenths or over- 
cast with openings 


Completely overcast 
Sky obscured 


z 


o 




OJ 


ro 




m 






00 


en 


z 


o 


e 


e 





CM m 



CM 



A 
t 

s 



ill 
ill 



Cft 
CO 

I 

s 



Cft 

cn 

s 



i § 



s 



0» 



s 



i 



§ 8 

O « 



§ $s 

•f Is 

s S8-S 

8 -«V5 

cm" <« o 



s 

I 



8 



Cft 

8 



Cft 

s 



Cft 



8 



i 



§ § 

in o 



8 



of < «> u 





CM 


ro 




LO 


CD 




00 
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QUARTERMASTER I & C 



0 

oo O 

WIT otaffYrt or SOT 
obamable during \-M 

boar. 

10 zzz 
20 i 



I Wale (NOT ImlM 
andNWr*llir<ganaho? 
ere) daring pant h<«r, 
bat NOT at time of ob 

30 -5*1 



ban daereaaed daring 
PA boar. 



40 



FogetdintniM»ettlaW 
of ob.. bat NOT et eta* 
tion daring pM hour 



50 



*— af dun k 



^rUile 
otiwnratlon. 



60 



Inlf rmltteat rale 
txtir treating), aught 

•I limp of otanmiloa. 



70 



Ulinalttaat tog at 
nana- «e*«. obght at 
tbnt.nl Bhamntiua. 



80 y 



«*ht 



0 



(loud* mm% dtn- 
mlviM or tanaming km 



fttrJimotmalliiwhjg 
•I ntatkm, XfrT deeper 
than « fart <m land. 



•] 



Rain (MIT Instil* 
•nd XUTkJlir«MiaW: 
era) daring pert hr., bat 
MIT at time id nh. 



5 



Might ur aMaterea* 
deeMormitrenndnt 
mi appreciable ch 
daring pail knur. 



>■« in mlchee 



1 1 

CmttlnetMe drlttlt 
<N<ITfriening,aHght« 
time of obamatmn. 



m <flMmm*»ieinfN(rT 
Iraanna). eJJght at time 
id nbnenratiiie. 



(Vtotinm felt .4 
antraHakfa, ahfht at 
Uflw of nbvmuon. 



v 



MiaJefatf or hear* 
rata aWli). 



WW PRESENT 

2 3 

o o 



Suit uf ahy oo 
ehote enchanged ii 
in* Ban hour. 



Mora or lam earitino 
wina mellowing at ota- 
tbm.KOTdeeparthaae 
tort im land. 



►3 



Haw (NOT felling aa 
>oeen)deringpaethr., 
at NOT it tinwof ob. 



Mtifhl or moderate 
deatetiirmor eandetnrm. 
ban inereaaed d urine 
paethmjr. 



ft* aty diaorrnible, 
ban become thinner dor* 
it* part boor. 



iXtrT franring) a 
ete at time of ob. 



Intermittent rata 
(NlrT hearing), mod. 
erntr at time of ob. 

* 

* - 

Inn fmiileui bill of 



at lime of nbaereetioa. 



V 



Vi.4em rain 
etfn) 



Cloadt aenerellf 
lurming or developing 
durint nut hour. 



< 



Lightning >Wble. no 
tbaadcr beard. 



] 



Rain and mow (NOT 
tailing an ahoeera) dar- 
ing Mat hoar, bat NOT 
at time id obatrtation. 



I-Sr *| 



Hnw daaMorm or 
sandstorm, baa die* 
eraaaid daring pant br. 



NnTdiaoarn. 
ibtr.hMbeoomt thin nor 
daring Mat hone 

1 

1 1 

.J&dww* drlaalv 
fNOT fronting), moder- 
ate it time of nb. 



m (NMUnaoaataintN'OT 
treating), moderate at 
time id obamatiiin. 



* 
** 



.. fall nf 

annenekee, cm derate at 
- time id nbvrvatmn. 



t 

v 



HHabt ahoaartai of 
rain and anna mixed. 



Erne 



dariag 

boar, bat NOT at 

nfn* 



HHabt nana or rata and 
anna ml red t-r hall at 
Ihyidn hnma.; thoa- 
deramrni dariag peer 
boar, ba t ma at time of 
oonermthio. 



WEATHER 

4 



p/vr 



VWMHty redeond b, 
• 



Precipitation ohhin 
eight, but N(fT reaching 
the gmnnd 



_ drinle ur 
Inwaing rain (NOT tan* 
lag an aboaara} daring 

Choor, bat NOT at 
nf obarnraUo-i. 



abb) change duri* paat 
hoar. 



f*m> aky doxemible, 
no appreciable change 
daring paat boar. 



.•.-•r-.- 1 drlttlt 
<N0T fraaaing}, thick 
at time of obamation. 



: 



Intermittent rata 
(SOT fraealngi, heart 
at time «d iibamatloa' 

* 
* 
* 

Intermittent fall of 
■**JbAea. haarf at 
time of tibamatam. 



V 



Mimaraar or heavy 
aboaerfai of rain and 
amm ml ted. 



90 ♦ K> K]: I^X m 

tZrF*' bt?? r«gb4 raaaat time . JilTLT^ m^S?ZSSrj ml&SJSSZl 

ier. MtWnf hbamaUmV. 



Mad. or naary anna. 
>r rain nad anno mi tad 
or hall at that of ob.: 
thanderaviem dariag 
paat rnajr, hat XtrT at 
time of nbamatkai. 



Figure 9-13. -Present weather. 
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(Description* Abridged t rom W.M.O. Cod*) 



5 

oo 

Kant. 

M 



_.. r ,__„_ within 
aiajbt, rtaehlnx tha 
*r*»d,bt*aktantfrora 



v] 

Kowaia of raia dorian; 

Khonr, bat NOT at 
of obamaUon. 

I* 



6 

s 



WldMpiMd dtMt In 

f " jg n a Um In tba air, 
NOT rated by wind, 
•t tint nl obatnration. 



P^dpiuUon, within 
aight. reaching tha 
grand, naar to box NOT 
at atatioo 



flbowrraol anow.orof 
rain and mow, dorian 
pan hour, bat JfOT at 
Umoof c 



drffi^aoa 
low. 



wind, at time of ob. 



B ... (K) 



no^pwalphatioo M ^ 



v] 



. flhiiwtitof bait, or of 
bail and tain, daring 
pott boar, bat NOT at 
tiimol obatrraUon. 



onow, grorrailr 



Heavy drifting anow, 
— illy 



8 



Wall ^ „ 

derlHel within patt br. 

V 

Squall (a j withtarigbt 
daring pant boor. 

Foadorinipaalboar, 
bat NOT at than of ob. 

Sight or modtrala 
driftlbf mow, maraUy 



(4) 



_ }» or aand* 

*orm within eight of or 
«*atioa daring pa. 

)( 

, Funnel elow(e> rhb. 
la right daring paai 
hoar. 

K] 

Thonderatunn (with 
orwithontptfciphationi 
i"J?f poat boor, bat 
NOT at time of ob. 

=f 

Heavy drifting mow, 
amorally hlfb. 



Fog, any NOTdknorn- 
We. no aoerwdabb) 
ahange dorian paat 
boar. 

.1 
1 1 
1 



attima of obamatioa. 



M Oontinaooa rain (SOT 
fjBtrinffMwavy at tin* 



* 
** 
* 

Continnttai fall of 
annartefcea, heavy at 
rimrnf obat rretta. 



rd J g h tanooa Wr W. 



whhtajt bail , 
bot wrih rata and/or 
anna at tin* idob. 



baa 



Pot, any dieoemibfe, 
n biajan or * 



KNeMfreanagdrienle. 

Wight timing rain. 



lea aardkn (with 
without fcwj. 



* 

v 



MtaJarata nr heavy 



„ Hhtht or and. than* 
aViatorm, wnh hail 
« thaw t4 tanvrvetion. 



^.^^wbneomt 
tbleker daring paat 



M Moderate or thick 
(rearing drtale. 



Moderate or heavy 
taring rain. 



Ilnnular anow twhh 
>* without fog). 



Mb^itnViwarlaMikift 
or mtell ball whh or 
wtthuotrala or rain and 



ft B 



f Waay tLw^- -..< 
withtMball .bat with 
rata end** anow rttirnr 
«^« 



aky dlararnibk. 



a«ih r t ,,,a *" d ral,,, 



Rain or drink and 



laoleted etariihe mow 
eryaula <wMi or nithoot 



naaaraat or heavy 
•Howwrfaiofaoftoriinan 
hail wkh or withoot rain 
or rata and anow mlted. 



UnadwrdidoatatMwnr 
a at thna of ob. 



i 

o 

i 

Drinltand fain, mod. 



! 

Rain or drink and 



A 



„•# JfHtta (eleet, 



hail , with or with- 



ft ft 



Htm (hi 

rithhiil 



vUitail UllnnloK 



Figure 9-13.-Present weather-Continued. 
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In. 



27.50 
27.51 
27.52 
27.53 
27.54 
27.55 
27.56 
27.57 
27.58 
27.50 

27.60 
27. 61 
27.62 
27.63 
27.04 
27.05 
27.66 
27.67 
27.68 
27.09 

27.70 
27.71 
27.72 
27.73 
27.74 
27.75 
27.76 
27.77 
27.78 
27.79 

27.80 
27.81 
27.82 
27.83 
27.84 
27.85 
27.86 
27.87 
27.88 
27.89 

27.00 
27. 91 
27.02 
27.93 
27.94 
27.05 
27.96 
27.97 
27.08 
27.90 



Milli- 
bars 



031. 3 
031. 6 
931.9 
932. 3 
932. 0 
933.0 
933.3 
933.6 
934.0 
934.3 

934. 6 
935.0 
935.3 
935.7 
936.0 
93a 3 
93a 7 
937.0 
937.4 

937. 7 

938. 0 
03ft. 4 
938. 7 
939.0 
939.4 
939.7 
940. 1 
940.4 

940. 7 

941. 1 

941.4 
941.8 

942. 1 
942.4 
942.8 
94a 1 
94a 4 
94a 8 

944. 1 
944.5 

944.8 

945. 1 
945. 5 
945.8 
94a 2 
94a 5 
94a 8 
947.2 
947. 5 
947.9 



In. 



28.00 
28.01 
28.02 
28.03 
28.04 
28.95 
28.06 
2a 07 
2R 08 

2a oo 

2a 10 
2a n 
2a 12 
2a 13 
2a 14 
2a 15 
2a 16 
2a 17 
2a is 
2a 10 

2a 20 
2a 2i 

2a 22 
2a 23 
2a 24 
2a 25 
2a 26 
2a 27 
2a 28 

2a 20 

2a 30 
2a si 

2a 32 
2a 33 
2a 34 
2a 35 
2a 36 
2a 37 
2a 38 
2a 39 

2a 40 

2a 4i 

2a 42 
2a 43 
2a 44 
2a 45 
2a 46 
2a 47 
2a 48 
2a 40 



Milli- 
bars 



94a 2 
94a 5 
94a 9 
949.2 
949.5 
949.9 
950. 2 

950. 6 
950.9 

951. 2 

951. 6 

951. 9 

952. 3 
952. 6 
952. 9 
05a 3 
05a 6 
05a 9 
954. 3 

954. 6 

955. 0 
955. 3 
055. 6 
050. 0 
050. 3 
05a 7 
057.0 
057.3 
957.7 
95a 0 

95a 3 
05a 7 
050.0 
050. 4 
050.7 
960.0 
960.4 
960.7 
961. 1 
961. 4 

961.7 
962 1 
962.4 
962.8 
96a 1 
96a 4 
96a 8 
964. 1 
964.4 
964.8 



In. 



2a 50 
2a 51 
2a 52 
2a 53 
2a 54 
2a 55 
2a 56 
2a 57 
2a 58 
2a 59 

2a 60 

2a 6i 

2a 62 
2a 63 
2a 64 
2a 65 
2a 66 
2a 67 
2a 68 
2a 69 

2a 70 

2a 7i 

2a 72 
2a 73 
2a 74 
2a 75 
2a 76 
2a 77 
2a 78 
2a 79 

2a 80 

2a si 

2a 82 
2a 83 
2a 84 
2a 85 
2a 86 
2a 87 
2a 88 
2a 89 

2a 90 

2a 9i 

2a 92 
2a 93 
2a 04 
2a 05 
2a 06 
2a 07 
2a 08 
2a 99 



Milli- 
bars 



965. 1 
905. 5 
965.8 

966. 1 
966.5 
966.8 
967.2 
967.5 
967.8 
968L2 

96a 5 
90a 8 
969.2 
969. 5 

969. 9 
970.2 
970.5 

970. 9 
971.2 
971.6 

971.9 
972.2 
972.6 
972.9 
973.2 
97a 6 
97a 9 
W4.3 
974.6 
974.9 

975.3 
975.6 
97a 0 
976.3 
976. 6 
977.0 
977.3 
977.7 
97a 0 
97a 3 

97a 7 
979.0 
97a 3 
979.7 
980 0 

osa 4 

980.7 
981.0 
981.4 
981.7 



In. 



29.00 
29.01 
20.02 
29.03 
20.04 
20.05 
29.06 
20. 07 
20.08 
20.09 

20. 10 
20. 11 
20. 12 
21). 13 
20. 14 
20. 15 
20. 16 
20. 17 
20. 18 
20. 10 

20.20 
20.21 
20.22 
20.23 
20.24 
20.25 
20.26 
29.27 
20.28 
20.20 

20.30 
20. 31 
20.32 
20.33 
20.34 
20.35 
20.36 
20.37 
20.38 
29.30 

20.40 
20. 41 
20.42 
20.43 
20.44 
20.45 
20.46 
20/47 
29.48 
2a 49 



Milli- 
bars 



982. 1 
982. 4 
982. 7 
083. 1 

083. 4 
08a 7 

084. 1 
084.4 
984.8 
985. 1 

985 4 
9858 
086. 1 
086.5 
086.8 
987.1 
087.5 
087.8 

osa 2 

986 5 

08a 8 
080.2 
080.5 
080.8 
•000.2 
000.5 
000.0 
001.2 
991.5 
001.9 

992 2 
002 6 
002 0 
093.2 
003, 6 

ooao 

094.2 
004.6 
004.0 
005 3 

995.6 
005 9 
006.3 

ooao 

007.0 
007.8 
007.6 

ooao 
ooas 
ooao 



In. 



29. 50 
29. 51 
21). 52 
29. 53 
29. 54 
29. 55 
29. 56 
21). 57 
29. 58 
29. 59 

29. 60 
20. 61 
20. 62 
29. 63 
2!). 64 
29.65 
29. 66 
2t). 67 
29. 68 
29. 60 



Milli- 
bars 



29. 
29. 
20. 
29. 



76 
77 
78 
70 



20.80 
29. 81 
29. 82 
29.83 
29. 84 
20. 85 
29.86 
29. 87 
20.88 
29. j 



29. 701 
29.71 1 
29. 72 
20. 73 
20. 74 
20.75 



29.90 
20.91 
2!). 92 
20. 93 
29. 94! 1 
29. 95! 1 
20. 96; 1 
20.97 
20. 98 
29.99 



909.0 
990.3 
000.7 
000.0 
000.3 
000.7 
001.0 
001.4 
001.7 
002 0 

002. 4 
002.7 

003. 1 
003.4 

003. 7 

004. 1 
004.4 
004.7 

005. 1 
005.4 



005.8 
006. 

006. 4 
006.8 

007. 1 
007.5 
007.8 

ooa 
ooa 5 
ooa 8 



009. 1 
009.5 
009.8 
010.2 

010. 5 
010.8 
011.2 
011.5 
011.9 
012.2 

012 5 
012 9 
0ia2 

oias 
oiao 

014.2 
014.6 
014.9 
015. 2 
015. 6 



In. 



30.00 
30. 01 
30.02 
30.03 
30.04 
30 05 
30.06 
30.07 
30.08 

sa oo 

30. 10 
30. 11 
30. 12 
30. 13 
30. 14 
30. 15 
30. 16 
30. 17 
30. 18 
30. 10 

30.20 
30.21 
30. 22 
30. 23 
30.24 
30.25 
30. 26 
30 27 
30.28 
30.20 

3a 30 
3a 31 
80.32 
30.33 
80.34 
30.35 
8a 36 
3a 37 
80 38 
8a 30 

3a 40 

sa 41 

30 42 
8a 43 
80.44 
3a 45 
30.46 
30.47 
80.48 
8a 40 



Milli- 
bars 



.015.0 
,016.3 
. 016. 6 
, 016. 0 
,017.3 
,017.6 

,oiao 

, 018. 3 
,018 6 
1, 010. 0 

, 010. 3 
.010.6 
.020.0 
,020.3 
.020. 
,021.0 
,021.3 
,021 
,022,0 
,022 4 

,022 7 

,02ao 

.02a 4 
,02a 7 
.024.0 
.024, 
,024.7 
,025. 
.02a 4 
,02a 7 



,026. 1 

,02a 4 

,02a8 
,027 
,027,4 
,027.8 
,028 1 
,028 4 
,0288 
,020.1 

,020.5 
,020. IB 
,030. 1 
,0305 
,030.8 
,031.2 
,031.5 
,031.8 
,032 2 
,032 5 



In. 



80.501 
30. 51 
30. 52 
30.53 
30. 54 
30. 55 : 
30. 561 
30. 57 
30. 58 
30.591 

30.601 
30. 61 
30. 62 
30. 63 
30.04 
30. 65 
30. 66: 
30. 67 1 
30. 68! 
8a 691 

80.701 
30. 71 
30. 721 
3a 731 
30.74: 
30. 75 1 
30.761 
30.771 
30.78: 
30.791 

30.801 
3a 81 
30. 821 
30.83: 
30.84 
30.85 
30.861 
30. 87 1 
30.881 
30. 891 

sa 901 

30.91 

30.92 

sa 931 

30.94: 

30.95: 

30.961 

sa 971 

30.981 

sa 991 
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Table 9-1. -Conversion Tabid, Inches to Millibars 

150 



Chapter 9— WEATHER 



Wind tpood in 
Knott. {21 lo 3Sv 
joj/ot por iour> |\ 

Dtractton'of wind. 
iBhwing from It* K 
norlhw—t ) \ 

ToHportturo In I 
d » qr — ■ Fihionboit l\ 

Toltl amount el 
doudt. (Sky com* 
phfly eororodJ 

VlUhllity ItyL, 

Proiont tuto of 
wotthor. tCoatia* 
uoiM thght nnew In 

Dtw 




Cloud typo iAHo- 
ctunuAn.) 

^ I Btromotrie pm- 
7" ImmslnMlmL lot 
/1ti«l 9 or 10 omitted 
/VtOMlmmm) 
I Amount of b*ro- 
anlrle chango In 
P«il 3 hour* (J» 
IttBths of mWban ) 
I BtrOBOtrle toad- 



Dtwpoiot 
groosrthroi 



Cloud typo (firo* 
tottrotat and/or 
/rac#ocomti/ur) 

Hoight ol cloud 
onto (300 to 599 
f—t.) 



Joncy in ptot 3 _ 

\VITboninoromlncMJo. 

Amount of cloud R ?\| Wotthot to po*6 
whew hotdrt torn. \ **** 1*°**) 
J^ES*" 1 * N A«ounlolp«c*i* 
Abrfdgod from W.tf.O Coat 



112.75 

Figure 9-14.-Model of a weather station. 



too, counterclockwise, so that it takes a trend 
to the southwest in passing through the position 
of ship C. Hatteras reports 1016 millibars 
and a northeast wind. The isobar follows the 
wind southwestward to Hatteras, with readings 
of more than 1016 millibars lying to its right 
Then the rule still is observed that, when the 
isobar is traced with the wind, it is kept to 
the left of all points where pressure is higher 
than its assigned value. Continuing with the 
wind, it passes through Charleston, to the north 
of Jacksonville, and thence through the Gulf to 
its starting point. 

Ship D reports 1016 millibars and a north- 
west wind, it is , evident, then, that another 
isobar must start here. Tracing it into the 
wind this time, we must remember that in 
this example it must be kept to the right of 
all points where pressure is higher than its 
assigned value. Thus it runs through ship D, 
curving northwestward to pass in that direction 
from Nantucket to Halifax. 

ISOBARIC ANALYSIS 



In general, rule 2 holds over sea areas, but 
does not always apply over the land. The reason 
is that wind directions observed locally at land 
stations do not always conform because of topo- 
graphic effects to the general pattern of large- 
scale atmospheric . motion stated in Buys 1 
Ballot's law. (When you stand with your back 
to the prevailing wind in the Northern Hemi- 
sphere, the high-pressure area is to your right, 
and the low-pressure area is to your left. The 
reverse is true in the Southern Hemisphere.) 

With Buys* Ballots law in mind, study figure 
9-15. Both Key West and Miami report 1014 
millibars and a northwest wind. The region of 
lower barometer readings must, therefore, be 
to the eastward or right of these stations. If 
we trace the isobar from St. Thomas with the 
wind, all barometer readings higher than 1016 
millibars must be to the right. You can see 
that ships A and B report 1016.5 millibars and 
a southeast wind. As a result, your line should 
curve around to follow the wind and pass just 
to the left of both ships. 

Ship C to the north-northwest of ship B 
reports 1016 millibars, wind northeast. Between 
ship B and ship C thejwind evidently backs from 
south to northeast. Then the isobar must back, 



From the preceding description of elemen- 
tary principles, you can see that, in drawing 
isobars, much depends upon a proper analysis 
of the situation by the person filling in the chart 
u barometric observations were unlimited in 
number, it would be necessary merely to con- 
nect the points of equal pressure. Unfortunately, 
such observations are scarce and not always 
completely reliable. 

Following is a description of analytical 
methods used to compensate for scarcity of 
observations or possible errors in observations, 
and to avoid illogical or impossible results. 

Errors in Barometric Reports 

A barometric report may be incorrect for 
one or more of the following Reasons: 

1. Inaccuracy of the instrument used; 

2. Incorrect reading of the barometer; 

3. Error in applying corrections to observed 
readings; 

4. Error through failure to make observation 
at the exact GMT; 

5. Error in coding or transmission; 

6. Error resulting from limitations of the 
code. 
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Figure 9-15— Weather map (1). 
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You cannot identify an instrumental error 
positively unless you can compare three or 
four observations from one ship with those 
from a nearby ship or land station. 

Small errors in readings are difficult to 
detect. Depending on the scale of the instru- 
ment, large errors usually are the result of 
misreading inches or millibars. In these in- 
stances, it is possible, ordinarily, to deduce 
what the reading should have been. 



Errors in coding usually result from (1) 
entering the last two figures into the coded 
message in inches instead of millibars, or (2) 
selecting the wrong figures in the code table. 
If two ships in the same locality report readings 
that are in agreement with each other but 
drastically different from those of a third ship 
nearby, it often is possible to determine just 
how the observer on the third ship made his 
error. 
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Errors In transmission nearly always are 
the result of changing a figure by one unit, or 
of transposing two or more figures in a group. 
If an error of the first type occurs in the last 
figure of the report, it will not be especially 
significant. Such an error in the first figure, 
however, produces an error in the result of 
10 millibars (approximately 0.30 inch). .Trans- 
position of figures, of course, produces large 
errors. 

A special kind of error is caused by incor- 
rectly reporting the ship's position. In that 
event the barometric reading does not "fit" 
the reported position, and you are likely to 
assume that the reading is erroneous instead 
of the position. Likewise; errors of position 
throw other elements of the weather report out 
of harmony with the vicinity. They usually 
amount to 1° or even 10° in latitude or longitude. 
If the reporting ship's position is tracked care- 
fully from chart to chart, position errors 
usually can be detected. 

Errors resulting from necessary limitations 
of the international code are comparatively 
insignificant. , The code is accurate to within 1 
millibar (0.03 inch), so that the error will be 
no greater than 0.5 millibar (0.015 inch). 

Errors caused by a mistake in decoding or 
in plotting the ship's position usually can be 
identified and corrected by the analyst himself. 

RULES FOR DRAWING ISOBARS 

When an isobar is drawn to fit an incorrect 
or misplaced barometric reading, the resulting 
error is smaller if the pressure gradient is 
steep than if it is flat. Effects of all errors 
previously described may be minimized by ob- 
serving the following rules when drawing 
isobars. 

1. Remember that simple isobaric patterns 
are much more probable than complicated ones. 
This rule is especially true when the wind cir- 
culation is strong. The principle is based upon 
experience. We know that sinall-scale dis- 
turbances and eddies do exist and that they are 
at variance with the prevailing situation laid 
down in Buys' Ballot's law, but they tend to be 
absorbed by the large-scale movements, espe- 
cially if the latter distrubances are vigorous. 
Consequently, you should avoid sudden or angular 
deviation in drawing the isobars, and "fair" 
the isobars by eliminating irregularities that 



show no systematic arrangement. Any ir- 
regularity that does show a systematic ar- 
rangement must not be overlooked, because 
it is likely to result in a major disturbance 
later. 

2. Draw the isobars so as to place them in 
the best pdssible agreement with both the avail- 
able barometric reports and Buys 1 Ballots law. 
Remember the relationship between the wind 
direction and the direction of the isobars. From 
Buys' Ballot's law it follows that the wind 
customarily blows along the path traced by the 
isobars, with relatively low pressure to the 
left of its course in the Northern Hemisphere. 
Because of the effect of friction and other sur- 
face forces, the wind direction does not exactly 
parallel the isobars, but usually is deflected 
toward the side of the lower pressure. Over 
the ocean the angle ordinarily is about 15° 
between the isobars and the wind direction. 
Wind direction reports from ships at sea are 
more reliable than their barometric reports. 
For this reason, if you cannot make the isobar 
fit both the barometric reading and the wind 
direction, it is best to assume that the baro- 
metric report is in error. Never draw an 
isobar in such a manner as to have the wind 
blow across it from a low to a higher pressure 
area. 

3. Space the isobars so that they agree with 
the observed wind velocities. Crowded isobars 
indicate a steep isobaric surface, exactly as 
crowded contour lines indicate a steep slope 
on the earth. Speed of the wind is directly 
proportional to steepness of the isobaric slope, 
the same as the speed of a running stream 
would be on a slope ashore. Wind velocity, 
then, is inversely proportional to the distance 
between isobars. Table 9-2 is based upon this 
relationship. It shows the approximate distances 
between adjacent isobars that represent various 
forces of wind. The table is computed for 
isobars drawn for every 0.10 inch. If they are 
drawn for every 5 millibars, distance in the 
table must be multiplied by 3/2. It should 
be mentioned that the table also applies to 
straight isobars or to those whose curvature 
is very slight. For isobars near the center of 
a round cyclone, distances corresponding to 
various forces of wind are smaller than those 
shown in the table. Near the center of a round 
anticyclone they are larger. 

4. Begin drawing isobars at the point where 
their probable pattern is easiest to detect. Delay 
the difficult parts of the chart to the last. The 
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Table 9-2. -Wind Force and Distance Between 
Isobars Over Ocean 
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isobaric pattern can be determined easiest in 
the locality where observations are most numer- 
ous. In charts of coastal areas, isobars should 
be started on the land and drawn out over the 
water. In high-pressure regions they usually are 
more symmetrical than in areas where pressure 
is low. Consequently, if observations are no 
more numerous in one part of the chart than 
another, it is a good idea to begin them in a 
locality where pressure is relatively high. 

5. If isobars were drawn correctly on a 
preceding chart, those on the succeeding chart 
must follow a logical sequence. Successive 
positions of high- and low-pressure regioiis 
represent the paths of large-scale eddies in 
general circulation through the atmosphere. 
Their size and inertia prevent them from any 
rapid motion or sudden stop, so that radical 
speeding up or slowing down during a given 
12-hour period is a highly improbable occur- 
rence. If isobars on successive charts indicate 
such phenomena, they are quite certain tobethe 
result of either insufficient observations or 
failures to observe rules 2 and 3. Any abrupt 
or erratic fluctuation in direction of movement 
is also unlikely. If the isobars indicate that a 
center has traveled 300 miles to the southeast 
on one 12-hour chart, 600 miles to the north- 
northeast on the next, and 300 miles to the 
east-southeast on the third, it is practically 
certain that you have gone adrift somewhere. 
Often, an apparent irregularity in the process 
of a cyclonic center is actually the rapid de- 
velopment of a new cyclone in the southwest 
quadrant of the system. this secondary may 
become so conspicuous that it is mistaken 
for the original center appearing on previous 
charts. If this mistake is made, the sequence 



of charts becomes illogical. The identity of 
the original center, therefore, must be pre- 
served until it is absorbed entirely by the 
new one. 

6. When an isobar in the Northern Hemi- 
sphere approaches intersection with another that 
follows an abrupt clockwise turn of the wind, the 
former line must be drawn so as to produce an 
angle or corner. The vertex of this angle al- 
ways points toward higher pressure. You 
already have noticed that strict conformity to 
Buys 9 Ballot's law frequently makes it neces- 
sary to curve isobars abruptly in this manner. 
This statement is not as illogical as it might 
appear at first glance. For instance, you know 
how abruptly the wind can veer in the Northern 
Hemisphere from southwest to northwest. Often, 
it shifts in less than 1 minute. This shift means 
that there will be a 90° change in direction 
of the isobars in a distance of less than 1 mile. 
The small scale of the weather chart requires 
a radical alteration of direction of the isobar 
at this point. As the wind shifts clockwise in 
the Northern Hemisphere, and counterclock- 
wise in the Southern Hemisphere, it follows 
that corners in the isobars always point toward 
higher pressure. Provided the shift of wind is 
in the characteristic clockwise direction (North- 
ern Hemisphere), there is no conceivable situ- 
ation wfypre angular isobars may be drawn 
pointing away from high pressure. Naturally, 
there can be a counterclockwise backing of 
the wind, but it always occurs more or less 
gradually, never with the sudefeness of a veering 
line squall. Thus, the isobar that follows a 
backing wind will travel through a gradual curve 
instead of an angle. 

To summarize: Isobars may be either 
rounded or V-shaped through the axis of a trough 
of low pressure. They must be rounded through 
the axis of a wedge of high pressure. 

ILLUSTRATIVE EXAMPLES 

Figure 9-16 shows a system of isobars drawn 
to fit each barometric report. The rule requiring 
that all points of high pressure should be on the 
same side of the line has been observed. 

The rule states that the isobars should be 
drawn in such a way as to cause them to be in 
the best possible agreement not only with the 
barometric readings but also with Buys' Ballot 9 s 
law. In this instance they are in agreement 
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Figure 9-16.-Weather map (2). 

and conformity with the principle that requires 
spacing isobars so as to agree with reported 
wind velocities. 

Examination of the wind reports here seems 
to indicate a normal situation. That is to say, a 
uniform airstream is flowing southwest, fairly 
rapidly between Bermuda and Hatteras, de- 
creasing in speed and curving to the westward 
off the east coast of Florida. Because wind 
observations normally are more accurate than 
barometric reports, you must fair these isobars 
to agree with the wind reports. To accomplish 
this agreement, it is clear that you must reject 
one or more of the barometric reports. 

It is safe to assume that barometric reports 
from shore stations are fairly accurate. Miami 
reports 1020 millibars. Considering the wind 
direction, then, the 1020 isobar should run east- 
northeast from Miami, and the barometric read- 
ing from ship E is too high. Assuming that ship 
D's barometric report is probably correct, then 
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ship C's is too low and should be rejected. 
Continuing the isobar into the wind, it appears 
that properly the 1025 report for ship G will 
lie to the left on the side of the higher pressure. 

Now consider the 1024 isobar. It should 
run eastward from a point just south of Jack- 
sonville, because that station reports 1025 
millibars, wind northeast. Obviously, then, 
the barometric report from ship A must be 
too high. When the line is extended toward 
ship F, it becomes apparent that, although G's 
reading fits in fairly well, drawing the line 
south of ship F to conform to a report of 1024 
millibars will make the isobars crowded near 
Bermuda and widely separated near Hatteras. 
This spacing would indicate a radical difference 
in wind velocity at these two points. The wind 
reports, however, indicate a uniform velocity 
over the entire stretch between Hatteras and 
Bermuda, requiring that the isobars here be 
spaced evenly. Ship A 9 s barometric reading, 
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then, is too high, so you ignore it in fairing 
the isobars. The distance between isobars as 
drawn is in excellent agreement with table 
9-2 for a force 6 wind in the same latitude. 

Figure 9-17 shows you how the proper 
fairing of the isobars indicates clearly an area 
of low pressure that soon developed into a 
hurricane. Here the barometric reports from 
ships A and B are in good agreement with each 
other. To harmonize with them, the 1004 
isobar has been extended north from Nassau, 
and carried just to the west of ships A and B. 
Barometric and wind reports at Jacksonville 
indicate that the line should curve sharply to 
the southwest from a point just northwest of 
ship A, as in figure 9-17. The 1008 isobar is 
curved to the north near ship C to agree. 

The report of a light west wind and high 
barometer from ship D fits in logically and 
indicates the presence of aseperateanticyclonic 
center. Also, there is the attendant possibility 



of a pronounced wind-shift line between Bermuda 
and ship D. Knowledge of the existence of such 
a line (or front) approaching here is extrbmely 
valuable to ship D. 

WEATHER FORECASTING FROM ISOBARS 

The wind-shift line (called a front) is an 
important element in weather forecasting. Fre- 
quently a front bears a direct relationship to 
the structure and development of an extra- 
tropical cyclone. Fronts are warm, cold, or 
occluded. When a front passes over a ship, 
drastic alterations occur in such meteorolo- 
gical elements as wind direction and velocity, 
character of the sky, and horizontal visibility. ! 
All of these elements are significant to the 
navigation of your ship. 

In addition to a description of the following 
weather fronts, further information is available 
in mariners 1 weather charts and on the backs 
of some pilot charts. 
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Figure 9-17. -Weather map (3). 
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Warm Front 

A solidly overcast sky and a more or less 
steady rain usually signal the approach of a 
warm front in middle and high latitudes. In the 
Northern Hemisphere, when the front itself 
arrives, the wind veers quite suddenly, and the 
ram stops or diminishes to a fine drizzle. The 
sky remains overcast with low clouds. 

Cold Front 

Conditions in the wake of passage of a warm 
front eventually are dissipated upon the arrival 
of a succeeding cold front. Heavy rain begins, 
and the wind veers again, even more suddenly 
than it did upon arrival of the warm front. The 
rain does not continue uninterrupted for any ap- 
preciable length of time, but soon changes to 
showers. The overcast begins to break, clear 
spots appear, and visibility usually improves 
rapidly. 

Occluded Front 

An occluded front is formed when the cold 
front of an extratropical cyclone overtakes the 
warm front. In general, conditions preceding 
the arrival of an occluded front are similar 
to those prevailing during the approach of a 
warm front. Weather in the wake of an occluded 
front is equivalent to that left behind by a cold 
front. 

Fronts and Isobars 

The pronounced weather changes that ac- 
company a front are caused by the air currents 



cm its opposite sides. These air currents orig- 
inate in more or less widely separated geograph- 
ical areas that have contrasting meteorological 
properties. For this reason, careful study of 
wind and pressure fields is essential in drawing 
isobars correctly, especially in ocean areas 
where weather reports are widely scattered. 
Isobars drawn in a conventional circular pattern 
around a cyclone, for instance, fail to give the 
observer a true picture of the motion of existing 
fronts. Consequently, he is unable to tell when 
the sky is likely to clear, or when a pronounced 
shift of wind may be expected. Isobars that 
locate weather fronts properly afford a tangible 
basis for detailed forecasting. 

The speed of movement of a cold front 
depends on the speed at which the air on the 
left side of the front (as you face toward low 
pressure) is advancing in the direction perpen- 
dicular to the front. Speed of movement of a 
warm front is contingent on the speed the air on 
the right side of the front (as you face the low 
pressure) is retreating in the direction perpen- 
dicular to the front. Hence, it is not difficult 
to calculate, from wind observations alone, 
the rate at which a front is moving. If wind 
reports are lacking, the distance between isobars 
must be relied upon. You can see how impor- 
tant it is to have them spaced correctly. 

If correctly drawn isobars are crowded at 
one portfon of a front and widely spaced at the 
other, it is obvious that the latter portion is 
lagging behind, causing a wavelike deformation 
of the front. A new cyclone is quite likely to 
be developing at this point. It may be said 
that, in general, a front remains stationary or 
moves very slowly when the winds on the cold 
side are blowing parallel (or nearly so) to 
the front. 
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CHAPTER 10 

RECORDS, REPORTS, AND PUBLICATIONS 



P popularly het ti axiom is that the higher a 
pern, goes up the ladder oi success, the more 
involved ike becomes in "paperwork." No rea- 
sonable person really ^vants to build paperwork 
empire, but certain records and report* 3i*e 
essential to almost all kincto of work. 

Some of the records and! reports required 
of navigation department personnel, as weM as 
the correct procedure for filling out, h 'ftjlV ag, 
sud fiitng them, are described in this ciapter. 
This chapter also specifics varic as publications 
in cavigatiug, and lists the publishing and 
issuing activities of individual " publications. 
Portions of the material in this chapter were 
mentioned previovsly in this book or in the 
QM 3 & 2 training course. Because of its im- 
portance, that material is partially repeated. 
Other portions of this chapter may be completely 
new to you and should be given special attention 
in your study. 

OCEANOGRAPHIC OBSERVATIONS 

Obtaining detailed and accurate sounding 
data for immediate and future use is of prime 
importance to the fleet and merchant marine. 
For this reason, many ships are required to take 
soundings while underway, and frequently must 
take intensive soundings over selected areas. 
Careful attention to navigation, plotting cor- 
rected ship's trades, recording soundings, and 
correctly marking the echograms are of utmost 
significance. * 

It is not within the scope of this chapter to 
cover all the various aspects of oceanographic 
surveys; but, in view of the importance of ac- 
curate navigation and sounding information *o 
oceanographic observations, some general in- 
structions are given. These instructions apply 
to Navy ships conducting oceanographic surveys, 
and may be added to or modified by specifications 
for a particular cruise when circumstances so 
demand. . 



NAVIGATION DURING SOUNDINGS 

Navigation of the ship is not expected to 
present more than the usual problems. The value 
of the data collected is much greater if the 
ship's position 1* determined so accurately as 
to lear* no quests for the future. No matter 
how accurately the. depth of the water is meas- 
ured, the resulting sounding d&ia are of little 
value unless they are located accurately. 

The need for information concerning the 
ocean floor is so great that the Oceanographic 
Office has requested the cooperation of every 
ship of the U„S. Navy in recording and reporting 
soundings. When several ships are Raveling in 
company, it is suggested that the following pro- 
cedure be used. 

1. The ships take station abeam on 11 < of 
bearing at 5-mile intervals. 

2. Only one ship of the group maintains nav- 
igational control. 

3. E? h ship takes radar ranges andpelorus 
bfrferin.ffs on adjacent ships evory 30 
minuter 

4. Record in the touncViog Jog the name of 
' he ship, dates, times o? each observation, 
totf ranges and bearings observed. 

After all observations for the cruise are 
made, the tracks of all vessels should be plotted 
on one track chart in proper relation to the 
guide ship. When submitted to the Oceanographic 
Office, these reports constitute the only method 
(except by mostly special surveys) by which such 
sounding da:a are obtained. 

Plotting Sheets 

Sounding reports should be made on bottom 
contoured position plotting sheets (if available). 
An index to published BC plotting sheets is in 
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H.O. Pub. 1-N. If no BC plotting sheets are 
available, it is recommended that the track be 
plotted on the H.O.3000 series of plotting sheets. 
The track chart should contain the following 
data: 

1. The actual fixes, plotted with full infor- 
mation, including the time and type of fix. The 
0800, 1200, and 2000 positions are not suffi- 
cient. (A navigators worksheets may be sub- 
mitted.) 

2. The ship's track, adjusted so that it 
reflects the most probable position of the ship 
at all times. 

3. The course and speed on each segment 
of the track, with the time of each change. (This 
information can be shown on the navigator's 
worksheet, if desired.) 

4. Short dashes across the course line, 
dividing the line into hours. The hours should 
be subdivided into approximately l/4-inch in- 
tervals. For most operating speeds, this meas- 
urement is equivalent to a time interval of 15 
minutes. The echo sounding trace should then 
be scaled and a sounding read for each time 
marked along the track. These soundings are 
entered opposite the dash marking the time, 
and at an angle to the track. Maximum and 
minimum readings obtained from the echo 
sounding trace should be plotted on the track in 
their correct time relation. 

5. Correct values for latitude and longitude 
coordinates. 

6. The name of the ship making the observa- 
tions, with the month, day, and year clearly 
indicated at least once on each sheet 

A navigator's worksheet and a smooth track 
chart are showh in figures 10-1 and 10-2 
respectively. 

ECHOGRAM 

The echo sounder should be operated con- 
tinuously while underway, and every attempt 
should be made to record a continuous profile 
of the ocean bottom. The echograms should be 
carefully annotated with the correct time at 
least once hourly. If the, recorder is equipped 
with an event maricer, tijis marker should be 
used to indicate the correct time. If the echo 
sounder has no maricer button, the position of 
the stylus at the time should be indicated with 
a pencil mark. (NOTE: all notations on the echo- 
gram should be made with a red or black grease 



pencil, because ordinary graphite pencil blends 
too weU with the finish of the paper. If grease 
pencils are unavailable, any dark red pencil 
is satisfactory.) 

Regardless of how the time is indicated on 
the echogram, the time should be written along- 
side the mark but well clear of the sounding 
trace. The date (including the day, month, and 
year) should be noted at least once every watch. 
The name of the ship making the observations 
should be inserted at both ends of the roll. If 
the markings specified in this paragraph are not 
made, and the echogram is separated from the 
rest of the report, there will be no way to 
identify it Any changes of time zone should be 
noted at the time the clocks are changed. A 
sample echogram is shown in figure 10-3. 

As indicated in figure 10-4, the echogram 
sometimes shows returns for double and triple 
depth, in addition to the true depth. These are 
recorded most frequently when the ship passes 
over an area of sea bottom unusually favorable 
for sound reflection. Although it is possible to 
adjust the gain on the fathometer to eliminate 
these multiple returns, it is unnecessary to do 
so. The traces showing multiple returns may 
prove of value in the study of the composition 
of the ocean floor. 



SOUNDING LOG 

Whenever soundings are not being recorded 
on as echogram, or if a clear graph is not 
available, it is essential that visual soundings 
be entered in a sounding log every 5 minutes. 
Intervals no greater than 5 minutes are nec- 
essary so that sufficient data may be obtained 
for completing the track chart A sample 
sounding log is illustrated in figure 10-5. 
Soundings should be logged by date and time, 
and the original log should be submitted. Type- 
written lists are neither necessary nor 
desirable, 

REPORTS TO OCEANOGRAPHER 

Information gathered is of little use until it 
is submitted to the Oceanographic Office where 
it is analyzed and compared With known data. 
After analysis and compilation, the data are used 
in revising charts and publications. 

Reports submitted to the Oceanographic 
Office should contain the corrected track chart, 
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the echogram or log of soundings, and a letter 
containing supplemental information. The letter 
should state where the soundings were taken; 
any difficulties or adverse weather and sea 
conditions encountered in soundings or nav- 
igation; type of equipment used; frequency error, 
if any; an estimate of the reliability of the data; 
and any other information that might be helpful 
in data evaluation. 

SEA AND SWELL OBSERVATIONS 

Because of the almost complete lack of 
quantitative reports concerning wave conditions 
in all parts of the world, it is most important 
to take observations of wind waves and swell 
whenever possible while afloat or airborne. The 
data may be used for planning air-sea rescue 
or aircraft carrier operations; selecting sea- 
plane landing areas; studying local and distant 
wind systems and their effect on sea conditions; 
determining drift and breakup of Ice floes; and 
moving supplies and personnel through surf 
zones. 

Every effort should be made to standardize 
visual observational procedure so that different 
observers studying similar waves reach the 
same conclusions concerning what they see, and 
record Identical data. Unless a standardized 
procedure Is agreed upon, an observer might 
nave difficulty in comparing two of his own 
observations made at separate times, or In 
deciding whether the waves have changed since 
the last observation. As a result, conscientious 
attention to. the observations Is required. 

Instructions for recording visual sea and 
swell observations on a logsheet are given in 
H.O. Pub. No. 806e. Sea and Swell Ohaervations. 
The Information Is recorded on the shipboard 
wave observation log form, illustrated in figure 
10-6. Required data for the log are- 
Wave forecasting: Recent developments in 
wave forecasting theory indicate that a much 
more thorough description of the sea surface 
Is needed than is possible by visual obser- 
vations alone. Consequently, automatic wave 
recorders of various types are now available 
for producing a height-versus-ttme profile of 
the sqa surface at a given point. 

Automatic shipboard equipment, designed to 
provide wave data on a continuing and scheduled 
basis, is in the developmental stage. Eventually, 



this equipment will enable the Oceanographlc 
Forecasting Central of the Oceanographlc Office 
to predict sea conditions over large portions of 
the ocean on a round-the-clock basis. The 
immediate need, however, is for accurate ob- 
servational data, preferably instrument data, 
to be used in checking andlmprovingforecastine 
procedures. 

Wind waves: The character of the sea surface 
caused by the action of the local wind can be 
described In terms of height, period, length, and 
direction of the waves being formed. Waves still 
growing under the force of the wind are known 
as wind waves. These waves travel in a direction 
within about 20° of the local wind, and their 
dimensions are determined by three factors: 
(1) the strength of the wind; (2) the duration of 
time the wind has been blowing; and (3) the 
fetch or distance of the sea surface over which 
the wind has acted. 

If the waves are newly formed and have not 
had a chance to consolidate themselves in a 
geries of regularly connected crests and troughs, 
the sea surface will be choppy and make descrip- 
tion difficult. As the waves grow, however, they 
group themselves into a regular series of con- 
nected troughs and crests with the H/L ratio 
(wave height/wave length) customarily ranging 
from 1/12 to 1/35, or 12to35 times their height 

SweU: Swell is a system of waves that moved 
out of the generating area into a region of weaker 
winds, a calm, or opposing winds. Thus, sweU 
usually travels in a direction more than 20° 
from the direction of the wind (not necessarily 
always true). Swells decrease in height with 
travel, and although there may be difficulty in 
distinguishing between wind waves and sweU 
the latter usually possesses a more or less 
smooth, well-rounded profile, has greater wave 
length and period, and disturbs the water to a 
greater depth. The H/L ratio for sweU normally 
ranges from 1/35 to 1/200. Under certain con- 
ditions, extremely long and high sweUs cause a 
ship to take solid water over her bow in a glassy 

Reporting a swell is of special significance, 
because its presence in tile local area indicates 
that recently there may have been a very strong 
wind, possibly even a severe storm, hundreds 
or thousands of miles away. The direction from 
which the sweU Is coming tells in what direction 
the strong wind was located. In certain instances 
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the onset of a swell is the first indication of an 
approaching storm. 

Wave height' The vertical distance from the 
trough to the crest of a wave, measured in feet 
or meters, is termed wave height Regarding 
the considerable variation in height between 
waves observed in a 7-minute period, reference 
is conveniently made to the significant wave 
height, which is the average of the higher, well- 
defined waves present during the observation. 
Statistically, significant waves are defined as 
the average of the highest one-thirdof the waves 
observed in a given time. From the operational 
point of view, height is the most important wave 
characteristic, hence care should be taken to 
observe and report it accurately. Although this 
value for height is about the best that can be 
expected from visual observations, efforts are 
being made to perfect instrument analysis and 
recording, which will be more valuable for 
forecasting purposes. 

Wave period: The time interval between suc- 
. cessive wave crests as the wave passes a fixed 
point, measured in seconds. 

Wave length: The horizontal distance be- 
tween successive crests, measured in feet or 
meters. 

Wave velocity: The rate of traveler the wave- 
form through the water, measured in feet or 
meters per second. 

Whitecaps: In deep water the wind may blow 
strong enough to raise steep and choppy wind 
waves. When the ratio of height to length be- 
comes too large, the water at the crest moves 
faster than the wave itself, causing the water 
at the crest to topple forward and form white- 
caps. The term whitecaps is confined to deep- 
water waves, whereas breaker describes waves 
breaking in shoal water or in strong tidal cur- 
rents that oppose wave motion. Whitecaps owe 
their instability to a too rapid addition of energy 
from the wind to the waveform. Breakers owe 
their instability to % the restrictive effect of the 
sea bottom or opposing currents upon the water 
movement in the waveform. 

Breakers: A breaker is an ocean wave^ 
either wind wave or swell, which has traveled 
over a gradually shoaling bottom and reached 
the point in its transformation where it no 
longer is stable, and plunges over or breaks. 
As a rule, when swell is definitely predominant, 
the breakers are regular with smooth profiles. 
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When wind waves are predominant, the breakers 
are choppy and confused. Swell coming into a 
beach increases in height up to the point of 
breaking. Wind waves, on the other hand, are 
already so steep that there is little if any in- 
crease in height just before breaking. Thus, 
swell often defines the period of the breakers 
even though the wind waves appear to pre- 
dominate in deep water. A long, low swell in 
deep water may be obscured by jshoppy wind 
waves and may be detectable only on the beaches. 

Surf: The zone of breakers, termed surf, 
includes the region of white between the outer- 
most breaker and the waterline on the beach. 
During a storm, it may be difficult to differen- 
tiate between surf inshore and whitecaps in deep 
water Just beyond. 



ICE OBSERVATIONS 

Ice observations are made from aboard ship, 
from land stations, and from aircraft Each type 
of observation offers specific information. A 
comprehensive description of ice conditions re- 
quires a combination of the three types of ob- 
servations. 

Only ice observations from aboard ship are 
discussed in this chapter. Shipboard observers 
are in a position to examine closely the ice 
immediately around their vessel. From this 
vantage they can determine accurately the tex- 
ture and solidity of the ice, variations in thick- 
ness, state of deterioration, and other features 
requiring actual contact with the ice. 

Because ship observations are limited to 
small areas immediately surrounding the sta- 
tions, the information from any one observer 
is local in nature. The helicopter has done much, 
however, to enlarge the ship observer* s horizon. 

Ice in the sea consists, for the most part, of 
either sea ice, formed by the freezing of top 
layers of the ocean, or icebergs, originating 
from glaciers or continental ice sheets. Sea ice 
accounts for probably 05 percent of the area of 
ice encountered, but bergs are important be- 
cause of the manner in which they drift from 
their point of origin, constituting navigational 
hazards. A certain amount of ice encountered 
at sea originates as fresh water ice in rivers 
or estuaries. Because it already is in a state 
of deterioration by the time it reaches the open 
sea, however, its importance is local. 
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Sea ice: The first sign that the sea surface 
is freezing is an oily opaque appearance of the 
water. This occurrence is caused by the for- 
mation of spicules (minute ice needles) and 
crystals of ice, known as frazil, which increase 
in number until the sea is covered by slush of 
a thick, soupy consistency. Except in wind- 
sheltered areas, the slush, as itthickena, breaks 
up into separate masses, frequently in pancake 
form. The raised edges and rounded shape of 
this form result from collisions of the cakes. 
With the continuation of low temperatures, the 
cakes freeze into a continuous sheet 

Ice may grow to a thickness of 4 or 5 inches 
in the first 48 hours. Afterwardgrowthbecomes 
progressively slower. Sea ice seldom becomes 
more than 5 to 7 feet thick the first winter. 
Sometimes greater thicknesses are formed by 
rafting (overriding of one piece onto another), 
tidal overflow, and similar causes. Under the 
influence of winds, tides, currents, and pressure, 
the ice is torn apart in some localities and 
crowded together in others. As stresses are 
relieved, long cracks develop, permitting move- 
ment of segments within the pack. With the 
shifting of the ice, crowding may cause the ice 
to pile up onto pressure ridges and hummocks. 
See figure 10-7 for an example of the three 
types of ice topography. 
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Figure 10-7.— Types of ice topography. 



In spring or summer, as snow or the surface 
of the ice melts, the ice becomes covered with 
water. Continued thawing of the ice develops 
honeycomb passages and holes into which the 
surface water drains. Sea ice less than 1 year 
old (first year ice), which is somewhat salty, 
melts more readily than older, less saline 
floes. Fastjice (ice connected to the shore) usu- 
ally melts near shore first because of the rel- 
atively warm water that runs onto it from the 



land. Winds, waves, tides, currents, and outflows 
from rivers aid breakup and melting by me- 
chanical means. As melting progresses, the ice 
farther from shore becomes crisscrossed with 
cracks caused by tides, winds, air temperature 
changes, and ice pressure. 

Ice of land origin: Ice of land origin in the 
sea, though often spectacular, is of minor im- 
portance in arctic operations except in localized 
areas. X*. 

Icebergs are large masses of ice detached 
from the fronts of glaciers, from glacier ice 
tongues, or from the shelf ice of the Antarctic. 
Smaller masses, termed growlers and bergy 
bits, originate (like bergs) from glaciers. They 
also may be formed from the disintegration of 
icebergs and other masses of land-formed ice. 

Characteristics of Ice 

Certain properties of ice in the sea should 
be measured and recorded, by shipboard ob- 
servers. The ice characteristics that are ob- 
served and reported to the Oceanographic Office 
are described briefly in the following para- 
graphs. These characteristics can be coded in 
the ship-shore ice log (described later). 

• Concentration: The observer should deter- 
mine the total ice concentration as well as the 
concentration of brash and block, small and 
medium floes, and giant floes and fields. Con- 
centration is estimated to the nearest eighth. 
(See table 10-1.) 

• Relief and Topography: Relief is the vertical 
distance between the highest and lowest points 
of the ice. The topography, or configuration of 
the ice surface, is described by such qualitative 
terms as rafted, flat, or hummocked (fig. 10-7). 
Heights of ice features can be estimated most 
accurately from the lower weather deck of a 
ship. Accurate measurements can be made by 
ship observers when on the ice. 

• Stage of Development: Whenever possible, 
older, harder ice should be distinguished from 
newer, softer ice. Old, or multiyear ice often 
appears in fields of first year ice as a light 
blue island surrounded by light green or gray- 
blue. Both the dominant and secondary ages 
should be ascertained if more than one* age is 
present. 

• Depth of Snow Cover: The depth of the snow 
should be estimated or measured directly by 
shipboard observers. 
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Table 10-1. -Ice Concentration 



Type of Concentration 



Open water 



Very open pack ice 



Open pack ice 



Close pack ioe 



Very close pack ice 



Consolidated and/or 
compact pack ice. 



Description 



large area of freely navi- 
gable water in which sea 
ice is present in concen- 
tration less than 1/8. When 
no sea ioe is present, the 
area should be termed ice 
free, even though icebergs 
are present. 

Pack ice in which the concen- 
tration is 1/8 to less than 
3/8 and water preponder- 
ates over ice. 

Pack ice in which the concen- 
tration is 3/8 to less than 
6/8 , with many leads and 
polynyas, and the floes are 
generally not in contact 
with one another. 

Pack ice in which the ice con- 
centration is 6/8 to less 
than 7/8, composed of floes 
mostly in contact. 

Pack ice in which the ice con- 
centration is 7/8 to less 
than 8/8. 

Pack ice in which the ice con- 
centration is 8/8 and no 
water is visible. Floes are 
frozen together. 



• Stage of Melting: Both frozen and unfrozen 
puddles are identified easily by any observer. 
Frozen puddles appear to shipboard observers 
as greenish "ground glass" patches against a 
lighter background To the shipboard observer, 
puddles that melt through appear the same 
shade and color as the open water. 

• Water Features: The number, type, and ori- 
entation of water features may be determined 
readily for particular areas. Shipboard ob- 
servers, because of their limited scope, probably 
will be unable to determine the overall char- 
acteristics of distant leads, cracks and poly ny as 
(large areas of open water besides leads). All 
open and newly frozen features should be noted. 
Artificially formed cracks and leads should not 
be considered. 

• Fast Ice: Any sea or fresh water ice that 
is attached to the shore by stranding or by other 



means is called fast ice. Glaciers fronting the 
sea are considered as part of the land. 

• Thickness of Ice: Ice thickness can be meas- 
ured accurately by ship observers if such tools 
as augers or saws are available. As the ice is 
turned on its edge by the progress of the ship 
through the ice, shipboard observers can make 
a reliable estimate of the thickness from the 
lower weather decks. 

• Ice of Land Origin: The* number of bergs, 
bergy bits, and growlers can be decided readily 
for a particular area. If the observer has dif- 
ficulty deciding whether a number of small ice 
fragments are blocks or growlers, he should 
class them as growlers. 

SHIP-SHORE ICE LOG 

Ice reporting codes for ship and shore station 
observations are almost identical; observing 
procedures, too, are similar. Consequently, a 
single log (fig. 10-8) has been devised for use 
with both types of observations. The ship-shore 
ice log is a self-contained log complete with 
instructions for taking observations, encoding 
tables, definitions of pertinent symbols, and 
other required information. 

The code used in completing the ice log has 
been tentatively adopted by the World Meteoro- 
logical Organization (WMO). The WMO code is 
a numerical "spot" code; that is, the observa- 
tions depict conditions at a given location. A 
spot, for ship observation, is defined as a cir- 
cular area of 1 kilometer in radius. Provision 
is also made for reporting ice observed outside 
the boundaries of the spots by use of optional 
groups. These optional groups are exceedingly 
important because they permit the observer to 
record large-scale features that do not fit with- 
in the spot 

In order to complete a log that will be of 
maximum value, each observer should become 
fully acquainted with the WMO ice nomenclature, 
which can be found in H.C. Pub. No. 606-d. In 
filling out the shipboard log, the message- 
identifier group ICESH appears as the symbol. 
Groups through column 22 are mandatory. Col- 
umns 23 through 52 are supplemental, and are 
included only if the phenomena are present and 
observed. The groups comprising columns 53 
through 69 are optional and are for reporting 
ice conditions outside the spot. 

Completed logsheets should be mailed at 
the ship's next port of caU to: National Ocean- 
ographic Data Center, Washington, D.C. 20390. 
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CHARTS AND PUBLICATIONS 

Your duties as leading Quartermaster, in 
relation to charts and publications, are fourfold: 
(1) to ensure receipt of all publications and 
charts required by your ship, (2) to ascertain 
the correctness of all applicable charts and 
publications, (3) to train your men in correcting 
and using charts and publications, and (4) to 
assure your own thorough familiarity with ap- 
plicable charts and publications. 

You should make certain that you are on the 
distribution list for all applicable publications 
and that you are receiving, atfrequent intervals, 
those publications and changes to which you 
are entitled. If not, you should immediately 
notify your ship's navigator, and attempt to 
obtain the needed publications from the near- 
est branch of the Oceanographic Office. You 
must then initiate correspondence to ensure 
future receipt of these publications. 

You should bear in mind that nonreceipt of 
pertinent publications and changes endangers 
your ship. If your publications and charts are 
not kept up to date, dangerous conditions may 
exist of which your navigator is unaware. To 
prevent such an occurrence, you should main- 
tain a rigorous training program to ensure that 
your men are indoctrinated properly in the pro- 
cedures for maintaining, correcting, and using 
all applicable publications and charts. 

OCEANOGRAPHIC OFFICE 

The Oceanographic Office continually is 
working toward the improvement of navigation 
for all ships and aircraft. Through oceanographic 
observations by ships at sea, other stations and 
agencies, survey ships, and from information 
obtained from foreign governments, the Ocean- 
ographic Office is improving navigational data 
on which safe navigation is dependent. Constant 
shifting and changing of oceanographic conditions 
require corresponding alterations in routes and 
anchorages. They also require relocations of 
buoys, lights, ranges, and other aids to nav- 
igation. For these reasons, it is essential that 
information contained in publications of the 
Oceanographic Office reflect changes in nav- 
igational data. These changes usually are ac- 
complished by issuing oceanographic publica- 
tions and bulletins. Pertinent publications *nd 
bulletins are supplied regularly, free of charge, 
to all naval ships and other U.S. Government 



vessels and also to merchant ships that co- 
operate with the Oceanographic Office by sending 
in oceanographic reports. 

Because of the extensive quantity of infor- 
mation provided by the Oceanographic Office, 
it should be mentioned that some navigators and 
Quartermasters develop the habit of ordering 
everything available, regardless of need or sub- 
ject matter. Don't be a pack rat Order and 
maintain only the media actually heeded by your 
particular ship. 

The Oceanographic Office issues all the 
charts used by the Navy, including those of 
certain foreign governments. The charts and 
publications cataloged and published by the 
Oceanographic Office are listed in H.O. Pubs. 
1-N and 1-V. 

COAST AND GEODETIC SURVEY 

The Coast and Geodetic Survey, Department 
of Commerce, is responsible for the hydro- 
graphic and topographic surveys of coasts and 
waterways in the United States and in areas 
under U.S. jurisdiction. It determines heights 
and geographical positions at which to establish 
points for surveys, and continually engages in 
research into such subjects as terrestrial mag- 
netism, tides, currents, and gravity. 

The Coast and Geodetic Survey produces 
detailed charts of coasts and waterways in the 
United States, Alaska, Hawaii, Puerto Rico, and 
the Virgin Islands. These surveys entail con- 
siderable exhaustive and painstaking scientific 
labor. The information furnished by the Coast 
and Geodetic Survey is essential to coastwise 
and inland waterway navigation. 

Coast and Geodetic Survey's Coast Pilots 
are the counterpart of Sailing Directions, which 
are published by the Oceanographic Office. Coast 
Pilots contain extensive information on coast- 
lines, harbors, and navigable rivers and sounds 
of the United States and its possessions. They 
are published in 0 volumes; 4 are for the 
Atlantic Coast, 1 for the Pacific Coast, 2 for 
Alaska, 1 for the Hawaiian Islands, and 1 for the 
Gulf of Mexico and Caribbean Sea. Tide Tables 
and Current Tables are also produced by the 
Coast and Geodetic Survey. 

NAVAL OBSERVATORY 

Functions of the Naval Observatory, as dis- 
cussed here, are in relation only to The Nautical 
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Almanac, With its precision equipment, the 
Naval Observatory observes celestial bodies, 
determines their positions in the heavens, and 
gathers other amplifying information required 
by ship's navigators when navigating by celestial 
bodies. 

The Nauti cal Almanac is an annual publica- 
tion. Because astronomers are able to predict 
accurately the positions of the heavenly bodies, 
normally no corrections are issued during the 
year of its effectiveness. Thus, your respon- 
sibility regarding this publication is simply to 
ensure that you have on board the effective 
edition and that it is kept in a usable condition. 
It contains data, indispensable to the navigator, 
on the sun, moon, stars, and planets. * 

The Air Almanac published quarterly, is 
similar to The Nautical Aimana^ and contains 
much the same information. Although this pub- 
lication was intended originally for aviators, 
it now is found on most ships, and many nav- 
igators prefer to use it. Make sure you have 
one aboard. 

It is recommended that more than one copy 
<* bo* The Nautical Almanac and The Air 
Almanac be retained on board, one of each 
marked for the navigator's exclusive use, one 
or more to be used by personnel being trained, 
such as Junior officers doing a day's work in 
navigation; and one for your own men. 

U.S. COAST GUARD 

One of the functions of the U.S.Coast Guard 
is the manning and/or maintenance of the many 
thousands of lighthouses, beacons, ranges, 
buoys, and other aids to navigation under its 
jurisdiction. Information concerning these aids 
and other navigational data applying to areas 
under its control, are published annually by the 
Coast Guard in Light Lints. . 

Another equally important function of the 
Coast Guard is the maintenance and operation 
of the various loran stations throughout the 
United States and its possessions. The Coast 
Guard is also responsible for the promulgation 
and enforcement of Rules of the Road, inter- 
national-Inland, CG-169; Rules of the Rnarf 
Great Lakes, CG-172; and Rules of the Road! 
Western Rivera, CG-184. These publications 
are issued periodically, and are, brought up to 
date by changes that reflect additions, deletions, 
or revisions promulgated by international 
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agreement, local pilot authorities, or by Federal 
law (to the case of Inland Rules). 

Rules of the Rnad [should be kept current at 
all times and referenced continually. It is in- 
dispensable to the officers cf your ship, as 
well as ho your men *nd yourself. Just a general 
knowledge of the Rules of the Rnad u,m not 
suffice; you must have a thorough knowledge 
of the rules set forth therein. You should main- 
tain a complete and comprehensive training 
program to familiarize your men with these 
rules, 

USEFUL PUBLICATIONS FOR 
QUARTERMASTERS 

A leading Quartermaster should b-3 thor- 
oughly f amiliar with the publications described 
in this chapter. Each publication meets a spe- 
cific requirement in navigation. Although the 
following list of publications may appear lengthy 
you are not required to memorize the contents 
of each one. Rather, you should know only the 
information that may be required and the pub- 
lication in which the information may be found. 

The publication schedule of each memoran- 
dum, pamphlet, bulletin, and the like, varies 
with the type of information it contains and toe 
urgency of the information as required by ship's 
navigators. The dates on which these publica- 
tions are issued range from daily to weekly 
monthly, or quarterly. By this means, a com* 
plete and comprehensive picture of oceano- 
graphic and meteorological conditions in any 
given area is kept up to date and readily avail- 
able to the navigator. This knowledge enables 
the navigator to select, at a moment's notice, 
information from which he may derive and 
evaluate any constant or variable condition 
affecting the safe navigation of his ship. 

^J?*?* PUb * No « 214 » Tables of Computed 
Altitude and Azimuth: This publication is one - 
of the most widely used tables published by the 
Oceanographic Office. This series contains a 
total of 9 volumes, each covering 10° of latitude. 
The altitudes are tabulated to the nearest 0.1' 
and the azimuth angle is tabulated to the near- 
est 0.1 . 

• H.O. Pub. No. 249, Sight Reduction Tables 
for Air Navigation! This publication contains 3 
volumes and is designed for (but not limited to) 
air navigation. It is, in fact, widely used in 
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surface navigation. Volume I has tabulations of 
altitude (to the nearest minute) and azimuth 
(to the nearest degree) of selected stars. In 
general, Volumes II and III are similar to H.O. 
214, except for the format of the books. Volume 
II covers latitudes 0° to 30°, and Volume III 
covers latitudes 40° to 89°. This publication is 
used also for star identification. 

#, H.O. Pub. No. 211. Dead Reckoning Altitude 
and Azimuth Table! This publication contains 
a single table of log secants and log cosecants 
conveniently labeled for solving the navigational 
triangle. 

• H.O. Pub. No. 208. Navigation Tables for 
Mariners and Aviators: The tables of this pub- 
lication are arranged similarly to those in H.O. 
211. Both H.O. 208 and H.O. 211, however, are 
more time-consuming than H.O. 214 and intro- 
duce more possibilities of error because of the 
mathematical computations contained within 
each book. 

• H.O. Pub. No. 260. Azimuth Tables | and H.o. 
a 261, The Azimuth of Celestial Bodies: These 
% publications, popularly known as Red Azimuth 

Tables and Blue Azimuth Tables, are of special 
importance when you are navigating in polar 
regions. In those areas where the declination 
does not exceed 23°N. or S., H.O. 260 is used. 



For declinations that exceed 23 9 but are not 
more than 70 P N. or S., H.O. 261 is used. 

• H.O. Pub. No. 151, Table of Distances 
Between Ports: This publication contains the 
information implied by its name and is ex- 
tremely useful for obvious reasons. It is refer- 
enced frequently. 

• H.O. Pub. No. 117. Radio Navigational A ids; 
This publication comes in two volumes (H.O. 
117A and 117B). It has a listing of marine di- 
rection finder stations, radiobeacons, time 
signals, navigational warnings, distress signals, 
medical advice and quarantine stations, long- 
range navigational aids, and radio regulations 
for territorial waters. 

• H.Q. Pub. No. 118, Radio Weather Aid fl| and 
H.O. 110, Weather Station Index: jThea* pub- 
lications list general weathejuinformation, 
broadcast schedules, and international index 
numbers, with locations of stations, key grows, 
and call signs. ^ ' 

Besides the publications listed, there are 
many other publications with which you will 
want to become better acquainted. It must be 
emphasized that the foregoing list contains 
just a few of the many publications that are 
available to you through the Oceanographic 
Office distribution system. 
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NAVIGATIONAL HINTS 



' Pilot charts are described In the QM 3 & 2 
course book. By the time you are ready for 
advancement to first class or chief , you have 
probably made use of them on numerous occa- 
sions. In addition. to the hydrographlc, meteoro- 
logical, and navigational information printed on 
the face of the charts, much information of 
interest to navigators appears on. the reverse 
sides. This appendix , is an edited reprint of an 
article published on the reverse side of the 
June 1966 Pilot Chart of the North Atlantic. 

INTRODUCTION 

A primary function of the UJ3. Naval Oceano- 
graphies Office is the improvement of its products 
used for navigating safely the vessels of the 
United States Navy, the mercantile marine, and 
others engaged in waterborne endeavors. The 
. fulfillment of this function is a continuing and 
ever-expanding task as new knowledge of the 
worlds qf inner and outer space is acquired. 

The era erf modern navigation is generally 
considered to have been ushered in by Obtain 
James Cook of the British Royal Navy during 4 
his three historic voyages of discovery into th* 
Pacific Ocean between 1768 and 1779. This new 
era fostered the first steps in the transition of 
navigation from an art to a science. Today, with 
nuclearpowered vessels laden with highly so- 
phisticated electronic navigation equipment and 
with experimental positioning satellites orbiting 
brightly in outer space, one might be tempted to 
say the transition is all but complete. Yet; we 
are all aware that the toU taken^^ 
collisions, and other marine casualties con- 
tinues to rise v despite all our electronic gadg- 
etry. It thus appears that some of the old art, 
the seamen f .s sense; is still very much needed 

tiori principles and techniques, such as the 
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American Practical Navigator fBowrH^ii), where 
the navigator can find complete descriptions and 
solutions to about every, known system of nav- 
igation. All too often! however, many of the little 
hints making up part'' of the art are buried so 
deeply within the text that they are overlooked. 
This appendix explores a few of these hints In 
an effort to stir new Interest In them or even, 
perhaps, bring them to light for the first time. 

DEPTHS-SHOALS-CURRENTS 

■■"/■■'■ ■ » 

The most Important features of any chart 
are the soundings and depth curves by which 
the main characteristics of the bottom con- 
figuration sure represented. The origin of the 
hand lead, the oldest known means of measuring 
depths, Is lost In antiquity, but mention of 
soundings has been found In Ejjyptian records 
dating bade several millenniums before Christ. 
An Interesting account of the use of soundings 
and the danger they foretold is found in the 27th 
chapter of Acts of the Apostles. 

The present-day mariner faces many of the 
same problems of his ancient predecessors 
when navigating off a strange and relatively un- 
surveyed coast. As the lead or echo sounder can 
only give the depth under or near the keel, there 
is no way to forecast the depth ahead for any 
substantial distance. 

; Wittr this point in mind, the navigator should 
carefully examine each chart he uses. If there 
are no fathom lines shown on the chart, it Is 
probably due to insufficient data or a highly 
Irregular bottom relief. A coast so shown should 
be given a y wide berth. The same caution Is to 
be exercised - , In areas where only isolated 
soundings, especially when those marked "doubt- 
ful sounding" or those enclosed in a dotted ring 
are shown. Invariably, the rule to be followed 
;ls^;C^ 

■fhc^ only positive way of 
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determining that every pinnacle and obstruction 
has been found in an area is for survey vessels 
to wire-drag the area to a predetermined depth. 
Unfortunately, very few areas of the world have 
been surveyed so carefully. 

What constitutes a safe sounding will vary 
with different vessels, so that no hard and fast 
rule can be laid down. Generally, however, when 
only scattered sounding data are shown on the 
chart, particularly along rocky coastlines, 10 
fathoms should be regarded as a caution against 
the possible near approach to shallower water. 
When operating off a coast known to be well , 
surveyed or when navigating inshore waters, as 
a useful aid, sketch in red ink or pencil a depth 
curve on the chart somewhat greater than the 
maximum possible draft of the vessel. This aid 
will provide the navigator with a meaningful 
danger line. The 10-fathom curve, if charted, 
can be traced with blue ink or pencil, or 
sketched in, and serve as a warning line. 

Charts made from surveys conducted by the J 
Oceanographic Office are reduced to a plane of 
reference, with due regard to tides, which pre- 
sent the hydrography in its least favorable 
aspect The datum planes most often used are 
mean low water, mean low water springs, and 
mean lower low water. The datum of charts 
based upon those of other nations is that of the ' 
original authority. 

Even with the charted soundings reduced to 
the lowest practicable plane of reference for 
the area, it should be remembered that local 
conditions will at times cause the actual water 
level to be lower than the chart datum. 

A change in wave formation is often an indi- 
cation of shoaling as waves close up and heighten 
when running from deep to shoal water. A deeply 
laden vessel, especially during heavy weather, 
should, when possible, avoid transiting areas of 
abrupt changes in depths, because the seas 
running from the deeper water will follow the 
bottom rise and become sharper. 

to tidal estuaries, -Without marked irreg- 
ularities of bottom, the maximum current ve- 
locity wUl occur at about half tide. The surface 
current is usm^ly greater than that near the 
bottom, a ; condition which may enter intp the 
navigation calculations of light and deep draft 
vessels. r 



ECHO-SOUNDING 

Submarine topography is becoming increas- 
ingly important to the mariner as a means of 
navigation. . With the development of the modern 
sonic sounding equipment found on most naval 
vessels and many merchant ships, it is possible 
to record depths up to 6000 fathoms with an 
error of approximately 1 fathom. These sound- 
ing devices have made the profile of the ocean 
floor potentially the most universally accessible 
aid to navigation yet envisioned. Recent hydro- 
graphic surveys have given special prominence 
to this work and, as adequate bathymetric charts 
become available, navigation by underwater 
features may become as common as coastal 
piloting. Few bathymetric charts have been 
developed, however, for full reliance in nav- 
igation. 

The standard velocity of sound waves as 
calibrated for all American-made equipment is 
4800 feet per Second. Although the true velocity 
varies with local values of temperature, water 
pressure, and salinity, the difference is not 
considered important except in highly technical 
research work. It is the policy of the Oceano- 
graphic Office to chart all soundings on the 
basis of this standard value. Soundings obtained 
by equipment not "calibrated to the American 
standard will not agree with the depths shown 
on H.O. Charts. 

Echo sounding equipment, like any aid, is 
subject to errors if the navigator is not fully 
familiar with equipment operating character- 
istics and limitations. The routine checks out- 
lined in the instruction manual should be care- 
fully conducted at least once a watch. 

The phenomenon known as "phantom bottom" 
has caused considerable confusion among many 
navigators. The phantom bottom appears on the 
trace as a bank between 125 and 375 fathoms 
below the surface and is only detected during 
daylight hours. The exact reasons for the oc- 
curreriSfe of this phantom bottom return are not 
definitely known, but it has been experienced 
in most parts of the world. One theory offered 
is that concentrations of marine life descend to 
this area during daylight hours and then rise 
nearer the surface during the night The nav- 
igator can often rule put these false returns by 
carefuUy checking them against known charted 
depths. . - -: • 



Excessive underwater turbulence which aer- 
ates the water can distort the outgoing signal 
(sound waves) to the point of preventing any echo 
from being received. Usually, this condition is 
only a problem when the vessel is rolling or 
pitching in heavy seas, backing down, or steam- 
ing in column formation. 

Another cause of significant error is fluc- 
tuation of the current supply driving the depth- 
indicator motor. The accuracy of soundings is 
directly related to the revolutions per minute 
of this motor, which normally operates on a 
60-cycle supply, a change of 1 cycle, say 61 
cycles, would cause an error of about 33 fathoms 
in a recorded depth of 2000 fathoms. The nav- 
igator should be alert for this problem at all 
times. 

NIGHT VISION HORIZON 

During World War n,,» with our submarine 
forces operating along hostile shores for pro- 
longed periods of time, an urgent needarosefor 
fixing position without revealing presence to 
the enemy. The use of electronic aids was too 
risky in most cases and had to be forsaken in 
favor of celestial observations taken- late at 
night. 

Confronted with this situation, the sub- 
mariners soon developed a highly reliable skill 
of observing stars against a night-vision hori- 
zon. The technique requires some preparation, 
which at first may seem somewhat foreign to 
the surface mariner, but its usefulness should 
not be overlooked. 

The observer's eyes must be completely 
Jark adapted." Proper dark adaptation can best 
be accomplished by wearing red goggles for at 
least 30 minutes before, going on the bridge for 
observations. Once on the bridge, and in com- 
plete darkness, the observer must spend an 
additional 20 minutes further adapting his eyes 
to the sky and horizon. Great care should be 
taken not to look at any light or to use binocu- 
lars, because, by so doing, dark adaptation can 
be Instantly lost .and the entire time-consuming 
procedure would have to. be . repeated. 
. When the observer , can see the horizon, he 
should send for a reliable assistant.' The as- 
sistant brings the sextant, hack chronometer, 
and a flashlight fitted with a red-lens emitting 
only a very dim light. It is also advisable for 
the assistant to dark adapt his eyes. 



Once on the bridge, the assistant hands the 

25X2?* J*! se if tant set at approximate 
altitude of the first star to be observed. He 
then stations himself behind the observer back 
to back, illuminates his hack chronometer and 
waits for the "Mark! " (See fig. A-l ) 
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Figure A-l.-Taking sights against a night 
vision horizon. 

The observer holds the sextant upside down, 
pointed at the star, and brings the horizon up 
to the star. Next, the sextant is reversed and 
the star is adjusted to the horizon in the normal 
manner. During the observation it is extremely 
important that the observer does not look di- 
horizon. Instead, he should look up 
about 20 , keeping both eyes open and dim the 
star with a f ilter until it can scarcely be seen. 
Wnen the . observer is ready to "Mark", both 
eyes are closed for about 5 seconds; The eyes 
are then opened wide and the sight taken when 
in focus. 

After the first sight is taken, the observer 
must be careful not to look at any light source 
until he has taken all the other sights he needs. 

«S!ok,I * tS *? ay u then be worked any method 
suitable to the observer. 

SIGHT ERROR COMPENSATION 

When possible, the navigator should take 
f* «?^ htiB J ^ oth north and south of the zenith. 
It will tend to eliminate all systematic errors 
from, the results. For example/ one navigator 
might.consistently bring his stars down toolow. 
While another might tend to keep his too high 
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the horizon might be abnormally elevated or 
depressed; the actual refraction might be some- 
what different than tabulated; or the sextant 
error allowed for incorrectly. 

If the total effect of these errors makes the 
altitude too high, a northern star will give a 
latitude too far north and a southern star too 
far south. 

In figure A-2, the sum of the systematic 
errors, in each case, gives altitudes that are 
too high, which result in apparent positions for 
the ship at N 1 in the case of the northern star 
and at S 1 for the southern star. The actual posi- 
tion lies about halfway between N 1 and ff 9 at Ap. 
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Figure A-2. -Sum of navigator's systematic 
errors result in observed altitudes that 
are too high. 

In figure A-3, the sum of the systematic 
errors gives altitudes that are too low. The 
actual position, however, still lies at Ap, about 
halfway between the apparentpositions, N*and S f . 
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Figure A-3.-Sum of navigator's systematic 
errors result in observed altitudes that 
are too low. 

LATITUDE BY 
MERIDIAN ALTITUDE BELOW THE POLE 

: Polaris is probably the most useful of all 
toe stars in the higher northern latitudes and 



provides the mariner with his latitude, under 
reasonably favorable ^conditions, at any hour, of 
the night. There is also another excellent, but 
seldom-used, method of obtaining a much-de- 
sired latitude. This method involves finding the 
altitude of a circumpolar star when it is on the 
observer* 8* meridian below the pole. Although 
the method can be used in both the higher north- 
ern and southern latitudes, it is especially use- 
ful in the southern hemisphere where no 
guardian of the south celestial pole, such as 
Polaris, is available. 

A circumpolar star is by definition a star 
which revolves around the elevated pole without 
setting. This situation occurs when the polar 
distance of the star is less than the observer's 
latitude and both have the same name. 

In figure A-4, AWBE is the diurnal circle of 
a circumpolar star in the southern hemisphere. 
Line AB is the observer's meridian. At A the 
star is on the observer's meridian, bears south 
and has reached its highest altitude. During the 
next 6 hours, the star will fall toward the west. 
Then, continuing to fall, the bearing will curve 
eastward for 6 hours until the star reaches 
point B. At B the star is again on the observer' s 
meridian, bears south, and has reached its low- 
est altitude. From point B the star will rise 
toward the eastward for 6 hours, then while 
still climbing, it will curve westward, completing 
1 day's revolution when it again reaches point A. 




„; ii2.no 

Figure A-4.— Sight on a circumpolar star. 



To, find the latitude, subtract the star's de- 
clination as tabulated in the Nautili Almanac 
forappropriate date from 90°. The result is the 
.: 8 *?r 8 P°la* distance. Add; to the polar distance, 
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the corrected observed altitude when the star 
was at point B; the sum equals the latitude. The 
following example demonstrates the ease of the 
process. 

On 4 July 1965, after several days of squally, 
overcast weather, conditions improved and the 
navigator observed Ache mar close to being on 
his meridian below the pole. A series of ob- 
servations were taken and finally a low reading 
of 20 12.1' was obtained. Knowing the height 
of eye was 44 feet and having no instrument 
correction, the navigator laid out the work: 

MERIDIAN ALTITUDE OF ACHERNAR BELOW POLE 
OBSERVED ALTITUDE 20 , 12.l' DECLINATION JULY 4 (-1 57*24^8 



ALTITUDE CORRECTION!-) 02. V 
HEIGHT OF EYE (-) Q6J f 

TRUE ALTITUDE 



20*03.0' ROLAR DISTANCE 
TRUE ALTITUDE 

LATITUDE 

NOTE: Correction* obtained from Nautical Almoin 



c+ioo'oo.o' 

32°36VS 
20 03.OS 

62°38*'S 




FIX RELIABILITY 



The pinpoint fix, whether obtained by stars, 
cross bearings of terrestrial objects, radio 
bearings, or other means, is always a source 
of confidence to the navigator in that he knows 
his exact position at a specific time. Unfor- 
tunately, this single point is often elusive, and 
a round of stars or bearings leaves the navigator 
with a triangle or square for a fix. Some inter- 
esting hints about the latter method merit 
review. 

First, let us look at star sights. As previously 
mentioned, a systematic error is often intro- 
duced in the observation of stars. Based on the 
assumption that this error is equal for each 
star, a reasonable assumption, it becomes ap- 
parent that we can improve the fix reliability 
by properly adjusting the various lines of posi- 
tion.' . 

Proper adjustment means that each line of 
position must be moved equally in distance and 
direction; either all toward or away from the 
bearings of the observed bodies. Then, the nav- 
igator many times is able to completely close 
the triangle or square. <The^mbunt of adjust- 
ment necessary is found by trial and error 
Occasionally, the actual position will be found 
to be outside the original fix shape altogether. 

: In figure A-5. the solid lines represent the 
position lines of three stars af ter being advanced 
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Figure A-5. —Lines of position, shifted 2 ' 111 
to intersect at a common point. 

to a common time. The bearings of the observed 
bodies are indicated by the small arrows. The 
dashed lines represent the new lines of position 
after the navigator has shifted them equally 
toward the bearings, figure A-5, (A) and (C), 
or away (B), in order to make them cross at a 
common point. Looking at (A) and (B), it is at 
once apparent the actual position does lie within 
the original triangle. In (C), however, It is 
obvious that the lines will cross only at some 
point outside the original triangle. The value 
of placing the small arrows on the various posi- 
tion lines, to indicate bearing, cannot be over- 
emphasized. 

The desirability of taking stars to the north 
and south of the zenith has already been dis- 
cussed, if, in addition, It is possible to take 
sights to the east and west of the observer, the 
best possible Indication of fix reliability Is ob- 
tained. In figure A-6, the position lines of four 
stars are shown, with their bearings lying In the 
direction of the arrows. Looking at (A) and (B) 
it Is again apparent that the actual position lies 
within the square and that the fix is reliable in 
both latitude and longitude. In (C), however, the 
latitude is reliable but the longitude is doubtful 
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Figure A-6.-Positlon lines of four stars. 
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Before looking at the problems of reliability 
of terrestrial fixes, let it be stated with the 
utmost emphasis that whenever three or more 
charted objects are available, a fix should con- 
sist of a minimum of three cross bearings. Even 
if the compass error is known, there is no check 
that a two-bearing fix has been properly plotted 
on the chart The third bearing will make any 
error in plotting immediately apparent. Fre- 
quently, a round of bearings, properly observed 
and plotted on an accurate chart, still do not 
cross at a common point. There is only one 
answer under these circumstances and that is 
compass error. This unknown compass error 
will affect each bearing by the same amount 
By trial and error, the navigator can shift all 
the bearings clockwise, then counterclockwise 
until the bearing lines do cross at a common 
point Often the vessel's actual position will be 
outside the original triangle. The navigator not 
only has accurately determined his position, but 
also has obtained the compass error which equals 
the number of degrees necessary to adjust the 
bearings. This hint is based on two important 
factors: (1) the chart is accurate, and (2) the 
bearings were accurately taken within a few 
seconds of each other. 

In figure A-7, the solid lines represent the 
observed bearings of three fixed objects on an 
accurate large-scale chart The navigator had 
properly observed and laid off the bearings and 
realized that the triangle formed was the result 



ASSUMED POSITION 



MNXIN 




' flight on Cap. A i 
OUEJtVtO UAUNOS | Stttpk.M PelM ti 



A ffafptfe on low Ittoitdt . 330* £ 



v^^:^^^ : 'lr^'cy:i^;^-^ U2.113 
Figure A-7.— Determining compass error 



of unknown compass error. After a few minutes 
of juggling the bearings, equally clockwise and 
counterclockwise, the navigator found that, by 
adding 4° to each bearing, the lines of position 
crossed outside the original triangle (the dashed 
lines). The 4° adjustment revealed a previously 
unknown error of 4°E. in the compass. 

SPECIAL CASE 

There is a special case to te guarded agaittet 
in the selection of terrestrial objects to be 
used in the cross bearing fix. A geometrical 
peculiarity which should be recalled is that 
through any three points not in a straight line, 
a complete circle can always be drawn, and 
only one. Now, if by chance the vessel itself is 
on or near this circle, a seemingly perfect fix 
can always be obtained This situation is pos- 
sible inasmuch as compass error will in noway 
prevent the lines of bearing from crossing at a 
common point 

COMPASS ALIGNMENT 

* ** 

The true fore-and-aft alignment of the lub- 
ber's line on the standard compass and pelorus 
is relatively quick and easy to determine. 
Alignment is accomplished by comparing the 
relative bearing of a distant object with that ob- 
tained by careful measurement oh the chart 
when the vessel is alongside the dock and its 
true heading is known. -The correct alignment 
of the lubber's line on the steering compass, as 
a rule, .is more difficult to ascertain. Some 
mariner? take for granted that thejalignment 
is correct and fail to check it This situation, 
howev**, should always be investigated when 
first reporting aboard for duty and after yard 
repair or lay up. 

• • . 

^ Instances have .been recorded where the 
lubber's line of the steering compass was off 
the longitudinal axis by 5° or 6% Although az- 
imuths reveal, errbrs of the compass card, they 
do not disclose the error of a misaligned com- 
pass bowl. .When the steering compass is so 
located that it is difficult or impossible to line 
up with the Jack staff, the error in alignment, if 
any, may be determined by the following method. 

Ascertain the deviation on the cardinal 
points by careful comparison with the standard 
compass or pelorus: Assign a (+ ) when the devi- 
ation is easterly or a (-) when westerly. Add the 
four figures together algebraically, retaining the 
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sign of the larger sum, Next, divide the result of 
the addition by 4. The remainder thus obtained 
is known as coefficient A and, if the compass is 
well made, is due for the most part to a mis- 
aligned compass bowl. When coefficient A is 
(+), the lubber's line should be moved to the 
right the number of degrees indicated, or if 
(-) moved to the left 

CALCULATION FOR DETERMINING COEFFICIENT A 

DEVIATION HEADING NORTH -14* DEVIATION HEADING SOUTH ♦ 8* 
DEVIATION HEADING EAST DEVIATION HEADING WEST +12° 
TOTALS " +M 0 

-32° 
♦20° 

4 / -12° 

COEFFICIENT A - 3° 



error is caused by the retained magnetism in- 
duced while the vessel was on that heading. The 
exact amount of error can only be determined 
by observation, but can be expected to throw the 
vessel in the direction of the last course. The 
general rules regarding the error to be ex- 
pected are— 



1. After steering for some time on westerly 
courses, expect: 

a. Westerly error If 

b. Easterly error if 

2. After steering for some 
courses, expect: 

a. Easterly error if 

b. Westerly error if 



you turn north; 
you turn south, 
timei on easterly 



you turn north; 
you turn south. 



In the preceding example, the lubber's line 
should be moved 3* to the left to place it on the 
longitudinal axis of the vessel. 



MECHANICAL DEFECTS 

The compass, like my precision instrument 
is subject to various mechanical defects, which 
can easily go undetected for some time. Most 
common defects are broken or blunted pivot 
Points, punctures or roughness of the jeweled 
cap, card not moving freely in the bowl, and 
excessive weight on the card itself. 

The mariner, with the aid of a small magnet 
can quickly check his compass for defects of 
this nature by the following simple procedure. 

Note the compass heading; then, using the 
small magnet, draw the north point of the com- 
pass card about 15° to the right Next, remove 
the magnet and record the heading when the 
card comes to rest Repeat the process/ this 
time drawing the card aboiit 15° to the left If 
the card comes to rest each time on the original 
heading, the compass is free of the mechanical 
defects -mentioned. A final heading differing 
from the original indicates one or more defects 
are present and that repair is needed. 



. RETAINED MAGNETISM' 

: A change ill course after a vessel has been 
steaming or lying pn the same^ heading for some 
time is always attended by compass .error. This 



LOCAL MAGNETIC DISTURBANCE 

In a few locations in the world the charts 
show areas, usually very small in extent and 
located in relatively shallow water, where local 
magnetic disturbance of the compass is caused 
by magnetic mineral deposits on the bottom. 
Although numerous reports have been recieved 
concerning local magnetic disturbances, it is 
often impractical to definitely establishwhether 
the cause was external to the vessel. Therefore, 
Arty the most probable of these reports are 
SBoi n on the charts, subject tolater verification 
or disproval. 

Because magnetic force diminishes rapidly 
with distance, a magnetic center in the visible 
land would have to be of unprecedented intensity 
to affect the compass of a vessel 1/2 mile from 
it Mariners may note a temporary deflection 
of the compass when very close to another ves- 
sel, a large mass of iron or steel, or when 
passing over a wreck in shallow water. The in- 
fluence radius in such instances will be very 
small. If the compass continues to show erratic 
behavior, the cause is probably within the ves- 
sel itself. In most instances, trouble is attrib- 
utable to some source of artificial disturbing 
influence, such as swinging booms, change in 
location of iron or steel gear near the compass, 
or defective electrical wiring in the bridge 
area. The ordinary phenomena of static elec- 
tricity will not cause toy noticeable deflection 
of the compass. Severe magnetic storms, often 
^*??i*ted with sunspots or auroral displays 
cause no more than a degree or so of deflection! 
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Flashes of lightning, however, have been known 
to derange many compasses to the point of re- 
quiring complete readjustment 

Regardless of how well the gyro is operating 
or how well adjusted the compass maybe, 
routine observations to detect abnormal devi- 
ation should be made once every watch and after 
a course change of 15° or more. 



SOUND SIGNAL CAUTION 

The whistle, horn, and bell serve as the 
principal means of communications for vessels 
to indicate or learn presence and intent or fact 
The transitory nature of sound transmitted by 
these devices has a significant bearing on their 
reliability as a navigational aid and a com- 
munication link. As now used, the various coded 
signals indicate not only presence but type of 
vessel (such as tug with tow, sail, or power- 
driven) and nature of the vessel's activity (such 
as underway, at anchor, backing down, or ap- 
proaching a bend). Considerable evidence in- 
dicates that the failure to correctly hear or 
respond to sound signals is a major contributing 
factor in ship collisions. 

A study of the testimony given after numer- 
ous collisions, with damage in excess of one 
million dollars, occuring in good visibility under 
inland rules, reveals thajt the significant factor 
resulting in many of these collisions was the 
watch officer's belief that he had heard a signal 
other than that actually sounded. Inland' rules 
require not only establishment of intent^ but 
also agreement by the vessel signaled. With 
such a built-in safety factor in the rules, col- 
lision must then be the result of either human 
failure or over confidence. r- 

Let us lock at the cause of one collision 
where the main Ingredient responsible has been 
experienced by almost every watch officer. A 
vessel approaching another desired to take the 
starboard side of the channel for a port- to-port 
passing situaitidh arid so indicated this intent by 
sounding one short blast The blast, however, 
amounted to little more than a wisp of steam 

^ '-jMPfQ* 8ick gasping cough barely audible 
on the vessel 1 s own forecastle head. The watch 
officer, realizing that the approaching vessel 
<»uld not possibly have heard the isignalj sounded 
another short blast This second blast wis very 
clear and <audib^ 

officer on the signaled vessel observed the wisp 



of steam from the first attempt, but due to noise 
on deck had concluded that he had just not heard 
it. Then, both seeing and hearing the second short 
blast, he assumed that the other vessel had 
sounded two short blast, answered in kind, and 
altered his course into a costly collision. 

Overconfidence in the old saying "seeing is 
believing" certainly spoUed his day! The officer 
initiating the signals also lacked good judgment 
in sounding the second blast so soon after his 
unsuccessful attempt There appears to be a 
definite reluctance on the part of many watch 
officers to sound the danger signal, as required 
by the inland rules, when the intentions of the 
other vessel are in doubt This reluctance prob- 
ably stems from the desire not to unduly alarm 
the master, but the sounding of four or more 
short, rapid blasts to indicate uncertainty is 
much less alarming than maneuvering a vessel 
on assumption and guesswork. 

RADAR LANDFALL 

One of the more hazardous situations con- 
fronting the mariner involves the approach to 
land during poor visibility, especially after sev- 
eral days of overcast weather conditions when 
sights of doubtful value have been obtained and 
uncertain currents encountered. 

The situation is further aggravated when the 
approach course makes a small angle with the 
coastline; where, due to depth of water, sound- 
ings are of little avail; arid there are offshore 
shoals ancj reefs to be avoided. The mariner's 
main objective in this situation will be to iden- 
tify, without any doubt, some feature and deter- 
mine the vessel's position relative to it' 

Charts are constructed with the emphasis 
placed on depicting the most prominent visual 
features for Identification, such as conspicuous 
spires, domes, tanks, towers, and so on. These 
objects may be excellent visual landmarks, but 
may be extremely poor radar, contacts, partic- 
ularly If previous radar experience in the area 
is lacking. 

Preparation Is therefore desirable when ap- 
roachlng land In poor visibility with the aid of 
radar, so that the. mariner may make a sound 
prediction of wha* should be seen arid when. To 
do this, he must acquire a thorough understand- 
ing of the , capabilities and limitations of his 
radar equipment^ knowledge of the meteoro- 
logical factors (either favorable or unfavorable) 
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which will cause anomalous wave propagation, 
and some means of determining, the distance 
at which features of various heights will begin 
to appear above the radar horizon. 

Radars operate in the frequencies that are 
essentially line-of-sight But, due to barometric 
pressure, relative humidity, and temperature 
gradient variations, the waves are subject to 
some bending, either up or dctyn, under certain 
atmospheric conditions. :% 

The' normal radar horizon is approximately 
15 percent greater than the visual horizon at 
the same height (See fig. A-8.) The approximate 
distance at which a feature will be on the horizon 
of th$ radar set is found by adding the distance 
of the radar horizon of the antenna to that of, 
the feature. It can be computed by theformula- 

DHJsVHa+usVHt 

D-dlst»nct In nautical milts 
H«*ht(ght of tmtnna. In fttt 
Ht-htlght of taigat (feature), in fatt 
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Figure A-8.— Radar horizon is 15% greater 
than visual horizon. 



Table A-l gives the approximate distance to 
the radar horizon for a standard radar under 
normal conditions for various heights of either 
Ha or Ht 

Inspection of table A-l would indicate to the 
mariner whose radar antenna was 60 feet above 
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the water that a coastal bluff 80 feet high would 
not be visible on his radarscope until the vessel 
wafc within a maximum range 20.5 miles, and 
the chances are that the bluff would have to 
rise above this maximum radar horizon dis- 
tance before the reflected echo was strong 
enough to show upon the radarscope. The know- 
ledge of the probable distances at which various 
objects can be expected to appear on radar will 
greatly assist in the accurate identification of 
various landfall targets. A more graphic means 
of showing target range can be had by construct- 
ing a simple curve on a piece of graph paper 
using the height of the mariner's own antenna 
'based on table A-l. 

As with all other aids to navigation, the use 
of radar in good weather to check out target 
identification, ranges, and skill of the operator 
will return valuable dividends when visual iden- 
tification is not possible. 

Regardless of how simple and direct the 
radar presentation may appear, it is essential 
that the navigator continue to employ all normal 
navigational techniques when in coastal waters. 
The navigator cannot afford the luxury of not 
maintaining a good dead reckoning position plot, 
a sharp eye on the soundings, and awareness of 
the effects of set and drift conditions upon the 
vessel. 



ICEBERG DETECTION 

Any suggested signs; warnings, or proposed 
methods of detecting the proximity of icebergs 
may prove of great assistance, yet they can be 
but supplementary to the eyes of an alert look- 
out The old phrase that the only sure sign of 
an iceberg is to see it is still a valid one. Over- 
reliance on any other means could be extremely 
dangerous. (See fig. A-9.) 

The distance at which a lookout can sight a 
berg varies^ of course, with the state of vis- 
ibility, teight of- eye, and height of berg. On a. 
very clear day a lookout stationed TO feet above 
the water could sight a large berg up to 18 
miles; , in clear weather, jrith low-lying haze on 
the horizon, the top . of a berg at 9 to 11 miles; 
to ligfttrf^or^ at 4 to 3 miles; 

and in dens^fo& about 100 yards. In light fog 
the lookoujKcould sight a berg , sooner if aloft, 
tout in dense fog a position in the bow would be 
best On a clear starlit night, a lookout will not 
sight a ber$ : more than l/4 mile away. If the 
^bearing lis x known,^; however, this : distance could 
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Figure A- 9.— Distance at which a lookout can 
sight icebergs under various 
atmospheric conditions. 



be increased to 1 mile, with the aid of binoc- 
ulars, by picking up the occasional spots of light 
as the swells break against it On a bright moon- 
lit night, a berg could probably be sighted up to 
3 miles away. 

As a general rule, there is no appreciable 
change in the air temperature near a berg nor 
in the water temperature surrounding it 

The presence of. growlers and other pieces 
of detached ice usually indicates that a berg is 
in the vicinity and probably to windward. Be- 
cause growlers can cause considerable damage 
to a vessel, it is always best to pass a known 
berg on its windward side, especially at night 
or in low visibility. 

The use of radar to detect the presence of 
bergs and growlers is certainly helpful, but 
often a large berg that has been sighted visually 
will not appear on the fadarscope probably be- 
cause the berg has a very smooth sloping side 
or because of sub- refraction, which often occurs 
in ice areas. Many times, a berg detected by 
radar will disappear again from the scope as 
the relative positions of the berg and the ship 
change. - • .. ■ 



The detection of growlers by radar is even 
less certain. The echoes returnedby these small 
bergs, which show only a few feet above the 
surface, are difficult to distinguish from strong 
sea clutter on the scope. 

The following table shows the approximate 
maximum range at which bergs can be detected 
by radar with the antenna located 50 feet above 
the water* 



Large icebergs 
Medium-sized icebergs 
Growlers 



HEIGHT ABOVE WATER 

40-50 feet 
10-20 feet 
6-10 feet 



RANGE (N.M.) 

12 
9 
2 



PINPOINT ANCHORING 

The following method of instantaneous plot- 
ting of a ship's position approaching and anchor- 
ing in an assigned berth has been found to be 
valuable in crowded anchorages. 

A chart, preferably an anchorage chart of 
the area is prepared in the following manner: 

Three or four prominent points or objects 
are selected-preferably good radar targets, 
which give a coverage of the entire anchorage 
area as well as furnish the widest possible 
angles of bearing. From these selected points, 
lines of position are drawn at 1° intervals cov- 
ering the entire anchorage area, using a differ- 
ent colored ink for the lines drawn from each 
point or object The bearing lines are extended 
beyond the anchorage area and the true bearing 
from the objects or targets marked on the ex- 
tremities of the lines. Upon assignment of an 
anchorage berth, range lines in any desired 
increments are laid down in arcs with pencil 
from the selected points to the assigned berth. 
The prepared chart is now ready for use, over- 
laid with inked lines of positionf rom the selected 
objects for beating purposes and penciled arcs 
in the vicinity of the assigned berth for ranging 
purposes. 

As the vessel approaches the assigned berth, 
instantaneous fixes may be obtained, as rapidly 
and frequently as desired, merely by noting the 
bearings as the observer at the bearing circle 
gives them to the navigator at the prepared 
chart The navigator dimply marks the ship's 
position where the bearing lines cross. The 
radar ranges axe also given at the same time 
as a further check on the ship's position. By 
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Figure A- 10. -Simplified chart of pinpoint 
anchoring. 



setting a universal drafting machine or parallel 
rules on the ship' s course line and placing on 
the latest fix, any course changes are immedi- 
ately apparent A further refinement could be 
made by placing red-penciled range rings in 
increments of 100 yards from the center of the 
assigned anchorage berth in order to rapidly 
read off the remaining distance to the berth. 

(Figure A- 10 is a simplified chart which 
shows only bearing limits passing through the 



desired anchorage. In practice, bearing lines at 
1 intervals would be drawn from selected land- 
marks in different colors and marked at their 
extremities. Range circles, at suitable scale, 
would be drawn from the center of anchorage to 
indicate distance remaining.) > 

This method requires a navigation staff 
normally found on board a naval vessel. It may, 
however, be useful to the merchant navigator 
when assigned to a congested anchorage berth. 
It could also be used by a vessel regularly run- 
ning a congested channel or restricted man- 
euvering area for obtaining positions, requiring 
only a minimum amount of time in the chart- 
room. 

CONCLUSION 

When one stops to consider that the art and 
science of navigation are a coalescence, of as- i 
tronomy, cartography, mathematics, geography, 
history, and man's unquenchable desire to 
explore the unknown, it is easy to see that the 
skillful mariner must have a tremendous res- 
ervoir of facts, hints, and commonsense to ful- 
fill his mission. The Oceanographic Office en- 
deavors to assist the mariner in every possible 
field of safe navigation and solicits the mariner* s 
comments and suggestions for the improvement 
of its products in a mutually beneficial program 
of maritime safety. 
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Adjustment, compass, 15 
Alteration Record Card, 114 
Altitude corrections, 56 
Arma gyrocompass* 27 
Azimuths, 102 



Bag or boom of logs, 128 
Bank cushion; bank suction, 91 
Bank protection, 126 
Bearing and distance, 37 
Bearing, danger, 39 
Bearings 
* by gyro repeater, 33 

by magnetic compass, 34 

by pelorus, 33 

plotting, 34 

taking, 33 
Bends, curves, and leaving berths, 117 
Berth, getting away from, 91 
Breakers, 166 
Bridges, passing under, 130 
BuPers publications, 5 



Cable laying, 126 

Cargoes, transferring dangerous. 130 
Casting, 88 

Celestial navigation, 56 V 
Channel piloting, 31 
Charts and publications, 169 
Circles of equal altitude, 67 
Cloud ^es,^ 

Coast and Geodetic Survey publications, 169 
Coast Guard 

vessels, 129 . , 
Coast pilotii^, 31 r 
Compasses, 9-30 \ 

adjusting, 15 
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degaussing, 21 

gyrocompass, 23 

limitations, 10 

magnesyn, 23 

magnetic, 9 . 

mechanical defects, 180 

nomenclature, 9 

retained magnetism, 180 
Compensation, compass, 22 
Conduct in fog, 119 
Consol, 52 

Correspondence courses, 6 
Course recorder, 28 
Cross bearings, 36 
Cross signals, 116 
Crossing situation, 118 
Cruise, extended, 104 
Current, 89, 174 

from ahead, 91 

sailing, 45 
Current Ship's Maintenance Project, 114 
Cyclonic wind direction, 136 



Danger angle, 39 

Danger bearing, 39 

Dangerous cargoes, transferring, 130 

Dead reckoning, 40, 102 

analyzer, 29, 43 /• 

equipment, 42 t 

indicator, 44 

piloting, 31 

position, 103 

tracer, 29, 45 

DRT plotting table, 46 

track line, 42 
Decca, 52 
Degaussing, 21 
/ currents, control of, 22 
Depths, 174 

in magnetic compasses, 11 
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Deviation— Continued 
semicircular, 17 
table, 16, 20 
Dip of horizon, 50 
Distress signals, 129 
Docking large vessels, 98 
Dredges, 125 
DOT plotting table, 46 
Dynamic pressure, 86 



Echo sounding, 175 

Echogram, 159, 162 

Electronic navigation, 48-55, 10S 

consol, 52 

decca, 52 

loran, 50 

loran-C, 51 

omega, 55 

radar, 48 
Entering port, preparation, 81 
Equipage 

custody, 109 

maintenance, 110 

survey, 110 
Equipment, checking and adju sting, 104 
Equipment Identification Code Manual, 112 
Evening stars, observing, 102 
Excavation, 126 
Extended cruise, 104 



Facsimile equipment, 141 
Fast ice, 168 
Feedback report, 111 
Ferryboats, 120 
Fishing vessels, 120 
Fix reliability,- 178 
Fixing position, 35 
Flinders bar, 16 
Floating plant, 127 
Fog, 119 v 
Force factor, 86 

Forecasting weather from isobars, 156 
Formations, 79 
Fronts, weather, 157 



General Prudential Rule, 1J 
Getting underway, *84 7 ; 

Ghq&ii^ :., 
Going alongside, 89 : : : % ''>•.; 
Graphic fix from two bearings, 38 



Gyro repeater, 28, 33 
Gyrocompass, 23 
Gyropilot, 28 



Heeling error, 14 
H,0. publications, 172 
Horizontal soft iron, 14 
Hurricanes, 136 

Hydrographdc surveying, vessels 
employed in, 129 



Ice observations, 166 
Iceberg detection, 182 
Index correction, 56 
Induced magnetism, 12, 14 
Inspection duties of ship's force, 113 
Instant of transit, 71 
Intersecting lines, 68 
Isobars, 144 



Junior officer of the deck, 79 



Laying out the track, 108 
Line of position, 68 

from celestial observations, 67 
Local magnetic disturbance, 180 
Loran, 50 
Loran-C, 51 



Magnesyn compass, 23 

Magnetic compass, 8, 34 

Magnetic compass table (deviation table), 16 

Magnetic disturbance, local, 180 

Magnetism 

induced, 12, 14 

permanent, compasses, 11 

retained, compass, 180 
Maintenance and material management, 109 
Maintenance, shipboard, 110 
Maneuvering characteristics of ship, 86 



Maps, weather, 144 
Material hlatpry; 
Maximum altitude, following, 71 
Mechanical defects, compass, 180 
Meeting head and head, 116 
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Meridian angle, 73 

Monsoons, 135 

Moon, observing, 60 

Mooring over or alongside wrecks, 125 

Morning star sights, 101 



» 

Naval Observatory publications, 169 

Navigation 

celestial, 56 

assisting in observations, 75 
LOP from celestial observations, 
noon sight, 70 

solving astronomical triangle,. 72 
star identification, 62 
use of sextant, 56 

during soundings, 158 

lights, 120 
Navigational hints, 174-184 

compass alignment, 170 

depths, shoals, currents, 174 

fix reliability, 178 

iceberg detection, 182 

local magnetic disturbance, 180 

mechanical defects, compass, 180 

night vision horizon, 176 

pinpoint anchoring, 183 

radar landfall, 181 

retained magnetism, compass, 180 

sight error compensation, 176 

sound signal caution, 181 
Navigator, duties, 100 
Navigator's worksheet, 160. 
NavShips publications, 7 
Night vision horizon, 176 
Nondescript vesools, lights for, 120 
Noon sight, 70 
Numerous sights, 71 / 



Obstruction of channel, 120 
Oceanographic observations, 168 
Oceanpgraphic office publications, 160 
Officer of the deck, 78 
Omega, 55 

Overtaking situation, 118 
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50 

Pelorus, 33 

Permanent magnetism, compasses, 11 

^v^ailjus 

Phtmtom bottom, 175 



Physical characteristics of ships, 85 
Pilot rules for inland waters, 115 
Piloting by radar, 40 
Piloting— dead reckoning, 31-47 

dead reckoning, 40 

fixing position, 35 

piloting, 31 

taking bearings, 33 
Pinpoint anchoring, 183 
Pipelines, 127 

Planned Maintenance System, 110 

PMS Manual, 111 
Planning a cruise, 104 
Plotting a planet on a star base, 65 
Plotting bearings, 34 
Plotting sheets, 41, 158 
Propeller thrust, 86 



Quadrantal deviation, 14 
Quadrantal spheres, 16 
Quals Manual, 4 

Quartermaster's responsibilities, 103 



Racon, 50 
Radar, 48 

beacons, 50 

landfall, 181 
Rafts and other craft, 127 
Records, reports, and publications, 158-173 

charts and publications, 160 

oceanographic observations, 158 
Refraction, 58 
Repair Record Card, 114 
Reports to oceanographer, 150 
Right of way, 118 
Rudder effect, 88 
Rudder force, 86 
Rules of the Road, 115-130 



Safety precautions in towing, 97 
Screw current, 86 
Sea and swell observations, 164 
Semidiameter correction, 59 




Sextant,use of, 56 
Shoals, 174 , ■ 
Ship handVJig; 78, 85 
v fundamentals, 88 
Ship Snore Ice Log, 168, 171 ■'■ ■> ; 
- Ship to shore weather reports, 160 
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Shipboard maintenance, 10 
Shipboard weather charts, 141 
Ship f s position report, 101 
Side force and screw current, 86 
Signal for passing floating plant, 127 
Signals, 116 

towing, 94. 
Single screw peculiarities,, 91 
Smooth track chart, 161 
Sound-signal caution, 181 
Sounding Log, 159, 163 
Soundings, navigation during, 158 
Soundings, use in locating position, 4o 
Special day or night signals, 129 
Speed and latitude corrector, 29 
Sperry gyrocompass, 28 
Spillover, 51 
Squalls, 135 

Star finder and identifier, 62 

Star identification, 62 

Stars and planets, observing, 60, 102 

Station keeping, 79 

Stationary dredges, 125 

Storms, laws of, 1S3 

Submerged objects, vessels towing, 124 

Sun, observing, 59 

Sunlines, 102 

Surveys, 110 

Swell, 164 



Tornadoes, 135 
Towing, 91 
Track line, DR, 42 



Tropical cyclone, 136 
Turning circle, 86 



Unable to maneuver or maneuvering with 
difficulty, 124 



Vertical soft iron, 12 

Vessels moored or at anchor, 127 



Waterspouts, 135 
Wave forecasting, 164 
Wave height, 166 
Wave observation log, 165 
Wave period, 166 
Wave velocity, 166 
Weather, 131-157 

charts, shipboard, 141 

forecasting from isobars, 156 

maps, 144 

messages, 140 

ship-to-shore weather reports, 140 

storms, laws of, 133 

tropical cyclone approaching, 136 

winds and pressure areas, 131 

world winds, 131 
Whistle signals, 116 
Whitecaps, 166 ' 
Wind, 89 

Wind and pressure areas, 14K. 
Wind waves, 164 / 
World winds, 131 / 
Work requests, 112 t\ 
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